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: “Notice to all Active Members : 
of Member Associations 
Your prompt payment of 1955 dues 3 
will avoid interruption in receipt of 
. SEWAGE AND INDUSTRIAL WASTES 
a as well as other Federation services. 
Undue delay may make it impossible for | 
a complete volume of the JOURNAL to f 
be furnished. 
R 
Please remit directly to your Mem- : 
ber Association Secretary immediately 
upon receipt of the frst dues notice 
: from him. 
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Eight 110-ft. diameter Chicago-Wiggins Lodek Covers 
at the City of Philadelphia Southwest Disposal Plant. 


ASK LEADING ENGINEERS ABOUT... 


Chicago-Wiggins 


DIGESTER COVERS 
and GAS HOLDERS 


Ask leading engineers why, in the past 
four years, they have specified Chi- 
cago-Wiggins Digester Covers and 
Gas Holders for more than 50 major 
installations. They'll tell you about 
the maximum gas pressures that are 
possible, the positive scum submer- 
gence and the non-tipping feature of 
Chicago-Wiggins Covers. They're 
sure tO mention superior structural 
design which provides the highest 
live load safety factor of any cover. 
They will explain how lower ceiling 
plate stresses are achieved through 
modern welding and design; how a 
positive anti-rotation device keeps 
trusses always above tank corbels. 


Ihe features that have earned this 
preference by consulting and design 
engineers are yours when you specify 
Chicago-Wiggins Digester Covers and 
Gas Holders. Write for complete de- 
tails. 


( 


PONTOON 
COVERS 
Always float on 
liquid — never 
on gas — for 
positive scum 
submergence 


LODEK 
COVERS 
Lowes? first cost 
for 75-ft. to 150 
ft. diameters 


WET GAS 
HOLDERS 


Self balancing 
with a positive 
seal. Economical 
in first cost and 
in maintenance 


CHICAGO PUMP COMPANY 


sidiary of Food Machinery and Chemical Corporation 
SEWAGE EQUIPMENT DEPARTMENT 
622 DIVERSEY PAREWAY CHICAGO 14, ILLINOIS 


Ta | Seine Diitusers, Stationary 
Horizontal end Ws ott ” Mocbenicsl Acsetors, Combination 
Wate, Pumping Usite Sempie Aerete: Clesitions, Comminuters 


*Chicago-Wiggins Digester Covers and Gas Hold- 
ers are products designed specifically for sewage 
digestors. They are the result of the combined 
experience of Chicago Sewage Engineers and Mr 
John H. Wiggins, designer of the well-known 
Wiggins Floating Cover, of which more than 
5000 have been built in the last 25 years 
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One of the two temporary chlorinating stations which served Builders Model HCVS Chlorinizers as finally installed in the 
the Blackstone Valley Sewer District during the interim dis- Bucklin Point Sewage Treatment Plant in East Providence, R. |. 


infection period. One of the Builders Chlorinizers can be Control can be automatic and proportional to flows of the plant 
seen in the background. influent flumes. 


CHLORINIZER’S super-wide range pays 
dividends at Bucklin Point Sewage Plant 


Two Builders Chlorinizers were placed in service by the Black- 
stone Valley Sewer District Commission over a year and a half prior 
to the completion of their Bucklin Point Sewage Treatment Plant at 
East Providence, R. |. These Chlorinizers —- Model HCVS — were 
factory-equipped for super-wide range feeding . . . from 100 to 
6000 Ibs. of chlorine per 24 hrs. without changing orifices or meter 
scales. An interim disinfection program was instituted which took 
care of all sewage and wastes flows collected by the new interceptor 
system RIGHT FROM ITS FIRST STAGES — and charges could be 
levied against industries and municipalities as they tied in. Later, 


— these same Chlorinizers were installed in the finished plant where CLARENCE V. HICKEY, 
they are now serving. Blackstone Valley Sewer District Commission OPERATING ENGINEER, 
reports the Chlorinizers have given completely satisfactory service — put Builders Chierinizers 

- both during the interim period and now that the plant is in full to the test and they have stood 
operation. 

Find out why the trend is to Chlorinizer . . . for replacement, the past three and a half years 
for plant expansion, for new projects. Write today for Bulletins to 


ligible. We have had no chlorine 
‘ice’ troubles in cold weather 
and the Chlorinizers have been 
odor-tree in operation.” 


P IDENCE 


Builders-Providence, Inc., 368 Harris Avenue, Providence 1, R. |. 


BUILDERS 


DIVISION OF 6-I-F 
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For Accurate 


Measurement 


of 
RAW WATER, 
TRADE WASTES, 


VEWAGE 

Z, SIMPLEX TYPE 
Intelligent planning of industrial waste or sewage treatment facilities re- 
quires accurate flow data. Accurate control of processes and dosages are 
wholly dependent on accurate flow measurements. 

Quite often, conventional types of primary devices can’t answer this 
basic question because of adverse conditions such as: low flows under low 
head conditions; very wide flow ranges; heavy sediment or suspended 
solids; size, layout or grade of existing approach section; corrosive liquors 
in channels or pipes. 

Simplex Type S Parabolic Flume was designed specifically to master all 
of these problems . . . accurately measures free-flowing wastes or sewage 
over a FULL 20 to 1 flow range! 

Compact Type S Parabolic Flume is simple to install ... requires a mini- 
mum of supporting structure, as shown in the above installation. Carefully 
machined levelling pins assure the correct grade for accuracy. No special 
approach section is needed. 

Available in standard pipe sizes of 6” to 36’, with bell, spigot or flanged 
inlet, Type S Parabolic Flume can be attached to even larger pipe sizes 


by means of eccentric reducers. 
INTERESTING FREE BULLETIN 


Why not get full details today. Write for Bulletin 800. Simplex Valve & 
Meter Company, Dept. SI-1, 7 E. Orange St., Lancaster, Pa. 


VALVE METER COMPANY 
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MEMBER ASSOCIATION MEETINGS 
Association Place Time 


New York Sewage Hotel Belmont Plaza, Jan. 20-21, 1955 
and Industrial Wastes Asan New York, N. Y. 


Texas Water and Sewage Texas A. and M. March 6-11, 1955 
Works Asan College, 
College Station, 
Texas 


Kansas Sewage and Jaker Hotel, April 13-15, 1955 
Industrial Wastes Assn. Hutchinson, Kan 


Arizona Sewage and San Marcos Hotel, April 14-16, 1955 
Water Works Assn. Chandler, Ariz 


California Bewage and Mission Inn, April 27-30, 1955 
Industrial Wastes Assn. Riverside, Calif. 


Montana Sewage and Finlen Hotel, April 28, 1955 
Industrial Wastes Assn Butte, Mont. 


Ohio Sewage and Deshler-Hilton Hotel June 22-24, 1955 
Industrial Wastes Treatment Conf. Columbus, Ohio 


lowa Sewage Works Hotel Waukonsa Sept. 7-9, 1955 
Assn Fort Dodge, lowa 


Kentucky—Tennessee Industrial Phoenix Hotel Sept. 12-14, 1955 
Wastes and Sewage Works Asan Lexington, Ky. 


TWENTY-EIGHTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
New Jersey Sewage and Industrial Wastes Association 
Ambassador Hotel, Atlantic City, New Jersey 
October 10-13, 1955 
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Recently expanded sewage treatment — at Webster-Crestwood, St. Louis County, Missouri, 


irban development 


Webster-Crestwood, Missouri— 


A YEOMANS SOLUTION TO THE SANITATION 


PROBLEMS OF A TYPICAL GROWING COMMUNITY 


How a sensible long-range sanitary program is 
working out exactly according to plan is well illus- 
trated by the experience of Webster-Crestwood, 
St. Louis County suburban development—an ex- 
ample that many thrift-minded small communities 
can profitably follow. 


THE LONG-TERM PLAN 


In 1948 Webster-Crestwood installed a Yeomans 
activated sludge sewage treatment system designed 
and constructed to serve a population of 1600; 
with planned provision for economical expansion, 
step by step, as required to serve future increases 
of population—up to 6400. 


PLANNED EXPANSION ... STEP ONE 


Webster-Crestwood grew as expected; and in 
1953 Step One in the long-range program was 
accomplished —the treatment system was expanded 
to serve a population of 3200. The job was done 
easily and at moderate cost. Future expansions 
will be accomplished in the same orderly, econom- 
ical manner. 


HELP FOR OTHER SMALL COMMUNITIES 


To meet the sanitation needs of small com- 
munities, Yeomans has developed special small- 
community systems for both primary treatment 
and complete treatment—activated sludge process 
and trickling filter process. Each Yeomans system 
meets these basic needs common to practically all 


small communities, new subdivisions, 


isolated 
schools, institutions and industrial plants: 


Compliance with local health requirements 
@ Economy of construction and operation 

e@ Compactness and attractiveness 

@ Specific “tailoring” for the job to be done 
Simple maintenance 


MORE INFORMATION AVAILABLE 


Write today or use the handy coupon to get 
information about Yeomans activated sludge sew- 
age treatment systems... and the Yeomans 
series of trickling filter “Package” Plant systems 
for populations from 500 to 2500. 


YEOMANS BROTHERS COMPANY 
1999-7 NORTH RUBY STREET 
MELROSE PARK (CHICAGO), ILL. 

Please send 


0 Activated Sludge Systems information 
(Specify population requirements) 


0 New Bulletin on “Package” 
Systems for Small Communities 


CLIP TO BUSINESS LETTERHEAD 
NAME CLEARLY . 


Trickling Filter 


SIGN 
. AND MAIL TODAY 
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MEMBERSHIP 
.1.P. Century Club 
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BEWAGE AND INDUSTRIAL WASTES 


DISTINGUISHED CLUB... 


now has 67 Members! 


The Cast Iron Pipe Century Club is membership, the Club roster grows, year 
probably the most unusual club in the by year, from 18 in 1947 to 67 in 1954. 
world. Membership is limited to munici- Members comprise 35 water and 32 gas 
pal, or privately-owned, water and gas utilities, in cities large and small, from the 
supply systems having cast iron mains in Pacific to the Atlantic, from Canada to the 
service for a century or more. Although Gulf. 
the Club is formally constituted, there are : : 

: ‘ If your records show a cast iron main in 
no dues, no regular meetings, and no obli- ‘ ‘ 

: , : service, laid a century or more ago, the 
gations other than to inform the Recording Club invit t df hand 

y quain'ying water framed Certificate of Honorary Member- 
or gas main is taken out of service, or sold = ¥ y : 
peep , ship. Address Thomas F. Wolfe, Recording 
seslactincmaas Secretary, Cast Iron Pipe Century Club, 


In spite of the unique requirements for Peoples Gas Bldg., Chicago 3, Illinois. 
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ABOUT 

THE 

HEAT DISPOSAL 
of 

SEWAGE SLUDGE 


| Even though dried sewage sludge can often be sold at from 
1 $5.00 to $20.00 a ton — remember that is not always the case 
" If sewage is contaminated with grease, fibre, etc., for 
example — you may find the only thing to do is to incinerate 
i the sludge. On the other hand, even though the sludge may 
1 not have the highest chemical analysis for fertilizer — it still 
I can be marketed as a soil conditioner — thereby eliminating 
t the ash disposal problem 
The C-E Raymond System of Flash Drying and Incineration is the most popular . . . most 
versatile on the market today. That’s why you will find a C-E Raymond System to 
provide one or all of the following processes . . . controllably, accurately, economically: 


Flash Dry sludge. 

Flash Dry and Deodorize. 

Flash Dry and Incinerate. 

Flash Dry, Incinerate and Deodorize. 

Incinerate only. 

Incinerate and Deodorize. 

Flash Dry and Deodorize in conjunction with refuse and 


garbage incineration — plus incineration of sludge if 
desired. 


C-E Raymond Systems now in service or on order serve 
an equivalent population of more than 17,000,000 people 
— in communities ranging from 6,000 to 3,600,000 in 
population .. . in every section of the country, and even 


COMBUSTION 


Whatever your requirements — there is a C-E Ray 
ENGINEERING mond System that will satisfy them precisely. Let one 
of our engineers show you or your consultants how this 


leading system of sludge disposal will work for you. 
B-772A 


Raymond Division 


1315 North Branch Street, Chicago 22, Illinois 
Eastern Office: 200 Madison Ave., New York 16, N. Y. 
Western Office: 510 W. Sixth St., Los Angeles 14, Calif. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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Lakeside’s waste water passes through a Link-Belt Thru-Clean Bar 
Screen (1), where over-l-in. solids are removed and chuted to the 
Link-Belt Flight Conveyor. The effluent next goes to the Straightline 
Grit Collector (2). Here grit and canning wastes that settle out are 
discharged to the flight conveyor. The water then flows over two Link 
Belt Liquid Vibrating Screens (3), where the last of the objectionable 
solids are separated and the waste water is piped to the sewerage system. 


WASTE WATER MINUS 


naw 
WASTE WATER 1” SOUNDS 


10 


SCREEN 


— 


sous |) 

i, 

TREATEO WASTE WATER 

| 

LIQUID VIBRATING | 
FINES 
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Here’s how one (== \ = 
plant cleans its waste water 


: Compact, efficient LINK-BELT 
treatment equipment installed 
#4 at Wisconsin cannery 


}= many other plants, Lakeside Packing Co 
of Manitowoc, Wis., had a problem of how 
to remove waste from its wash water before dis- 
charging it into the municipal sewerage system. 
And, just as many others have done, they called 
in Link-Belt engineers. 

The efficient Link-Belt system now employed 


4 
LINK-BELT COMPANY: Executive Offices, 307 N. Michigan Ave., 
Chicago 1. To Serve Industry There Are Link-Belt Plants and 
If Sales Offices in All Principal Cities. Export Office, New York 7; 
Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S.W.; 
4 South Africa, Springs. Representatives Throughout the World 


removes solids from the water in three stages 
at a peak rate of 24,000 pounds a year. This 
waste is trucked away to be used as fertilizer 
and feed. 

There are other benefits of a Link-Belt waste 
treatment system. Your waste water may be 
carrying valuable material down the drain or 
clogging your sewers. No matter what your 
problem, Link-Belt experience and equipment 
assure the system best suited to your needs. Call 
the Link-Belt office near you for complete 
information. 
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TYPICAL INSTALLATION DIAGRAM 


WASTES 


“VAREC’ Pressure 
Relief and Vacuum 
Breaker Valve with 
Flame Arrester — Fig. 
5800C — Relieves ex- 
cess pressures and 
vocuum in digesters 
and protects vessels 


OIGESTER 


from outside fires. 


“VAREC” Explosion 
Relief Valve—Fig. 70 
— Relieves sudden 
surges in pressure 
from explosion or mo- 
mentary plant fluctua- 
tions. 


VAREC” Flame Trap 
Assembly — Fig. 450— 
Prevents flame propa- 
gation in piping. 


Plan with 
Symbols of Safety 


FOR GAS CONTROL THROUGHOUT YOUR 
SEWAGE TREATMENT PLANT 


THE VAPOR RECOVERY SYSTEMS COMPANY 
COMPTON, CALIFORNIA, U.S. A. 


Available from Authorized Sewage Equip Ag 


“VAREC” Waste Gas 
Burner — Fig. 236, 237 
or 238 — Efficiently 
burns all excess gos. 


“VAREC” Flame Check 
— Fig. SIA of 52A — 
Prevents flashback 
from burner pilot or 
laboratory burners. 


“VAREC” Pressure Re- 
lief and Flame Trap 
Assembly — Fig. 440— 
Permits excess pres- 
sure to be wasted 
through gas burner 
and prevents flame 
flashback from burner. 


“VAREC” Pressure Re- 
ducing Regulator— 
Fig. 187 —Con- 
trols pressure of gos 
going to utilization 
equipment. 


8 “VAREC” Check Valve 
— Fig. 211 of 211A— 
Controls direction of 
gas flow. 


“VAREC” Manometer 
— Fig. 215, 215A, 216 
or 216A — Indicates 
system pressures. 


“VAREC” Drip Trap — 
Fig. 245 or 248. 


0 “VAREC” Sediment 
Trap — Fig. 230, 232 
or 233 — Keeps lines 
drained and free from 
moisture. 
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aC f Cylindrical Plug Split-second control is important in the 
Valves resist the abrasive ef- FIELDS. Quick qvorter-turn shet- 
fects of solids in suspension. off of the A C f Valve positively reg- 
This CEMENT PLANT instal- ulotes the flow of lading. 

lotion has been in operation 


since 1949. 


AC f Lubricated Plug Valves seal-in 
ladings such as of this NATURAL GAS 
PLANT, allow instant control with o 


In SEWAGE DISPOSAL PLANTS, 
Full Pipe Area assures unobstructed 
flow. The shearing effect of the 
ACT Cylindrical Plug quickly 


eliminates stoppages. 
Write For descriptive Catelog 5-SI to 
Representatives in 50 Principe! Cities ACF Industries, Incorporated, Velve Division, 


1501 E. Ferry Avenue, Detroit 1, Michigen 
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SEWAGE AND INDUSTRIAL WASTES 


For trouble-free, low cost 


measurement of — 


SEWAGE 
INDUSTRIAL WASTES 
SLUDGE 
IRRIGATION WATER 


BAILEY 


OPEN CHANNEL METERS 
Offer These Advantages: 


1. Easy to Install 

2. Retain Accuracy 

3. Self-Cleaning 

4. Adjustable Capacities 

5. Totalize Multiple Flows 

6. Chemical Feed Control 

7. Flow and Ratio Controls 
Ask for Bulletin 62 


BAILEY METER COMPANY 


1066 IVANHOE ROAD . CLEVELAND 10, OHIO 
METERS and CONTROLS for SEWAGE and WATER 


VENTURE TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES + DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS + AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 
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FOR EFFECTIVE, ECONOMICAL 
CHROMIUM WASTE DISPOSAL 


...use General Chemical’s Anhydrous Sodium Bisulfite 


ANHYDROUS 
BISULFITE 
LIME 
CHROMIUM | 
WASTES 
| rer 
SULFURIC REACTING REACTING REACTING 
ACID | 
AND 
T ETTLIN' 
TYPICAL CYCLE UNG = IG 
FILLING 2.00 HOURS Ns TANK TANK “TANK 
NEUTRALIZING 50 HOURS 
SETTUNG 2.00 HOURS 
DECANTING 75 HOURS EFFLUENT LINE CHROMIUM 
SLUDGE LINE FREE 
DESLUDGING 25 HOURS t EFFLUENT 


SLUDGE DRYING BEDS 


OR 


SETTLING LAGOONS 


Schematic diagram of batch treet 


| 
for reducing chromium 


Toxic chromium wastes are simply yet 
effectively and economically treated and 
neutralized when you use General’s An- 
hydrous Sodium Bisulfite. And it doesn't 
matter whether the volume to be treated is 
large or small! Learn the full facts and de- 
tails .. . call General Chemical’s nearest 
office for skilled assistance and helpful 
Technical Service in solving your own 
particular problem. 


General Chemical has a broad, practical 
knowledge in planning chromium waste 
installations gained the country over. This 
knowledge is yours—without cost or obli- 
gation! For a start—get General Chemical’s 
helpful free booklet on the treatment of 
chromium wastes. It offers sound informa- 
tion on the type of disposal system re- 
quired, quantities of chemicals involved, 


operation and control of the system, ete. 


Betch plont giving efficient removal of chromium woste 
ot the Electrolve Corporation, Old Greenwich, Conn, 


Write for free booklet today! 


| GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION ] 
| 40 Rector Street, New York 6, N. Y. | 
Gentlemen 
Please send me at no cost or obligation your free booklet ] 
| Treatment of Chromium Waste Liquors with Anhydrous 
Sodium Bisulfite 
Please have your representative call 
Position 
| Company 
sw 
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SEWAGE AND INDI 


Floorstand equipped with Motor Unit 
motor, limit switch and push button station 


control panel, 


Chapman Motor Units have 
fewer components than any other 
units, providing greater depend- 
ability, much lower maintenance 
costs. 

There are only two pinions 
and two gears in the motor re- 
duction train: drift is eliminated 
negligible. Your 


valves seat tight, but not too 


and lash is 


tight. Operation is a/ways smooth 
and trouble-free. 

You can mount the Chapman 
Motor Unit in any position, at 
any angle required. The rugged 


STRIAL WASTES 


CHAPMAN’S 
MOTOR UNIT 


for Valves, Floorstands 
and Sluice Gates 


Simple, durable mechanism of Chapman's Motor Unit 
Hondwheel remains stationary during motor operation. 


stub-tooth gears require no 
grease or oil bath. . . yet run 
smoothly, quietly, with minimum 
wear. 

Weatherproof and steam tight, 
Chapman's floorstand units are 
shipped completely wired, ready 
to connect to your power leads, 
for easy, rapid installation. This 
modern motor unit is depend- 
able and economical. Send for 
new catalog No. 51. 


The CHAPMAN Valve 


Manufacturing Company 
INDIAN ORCHARD, MASSACHUSETTS 
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Make use of the Unique Advantages of 


WELSBACH OZONE in Solving Them 


If the presence of phenolic compounds in indus- 

trial waste is a problem to you and your com- 

munity ... and complete destruction is required 

. you should investigate—right now—the eco- 
nomical and dependable solution of that problem 
by low-cost Welsbach Ozone treatment. 

Investigations have shown that chemical oxi- 
dation with Welsbach Ozone can provide an 
economical and complete answer to the problem 
of removing phenols from industrial waste. 

In addition to its relatively low cost, Welsbach 
Ozone treatment offers other unique and im- 
portant advantages: 

1. Ozone-phenol reaction is instantaneous. End 
products are non-toxic. Objectionable tastes 
and odors do not reappear when water is 
chlorinated. 

2. Welsbach Ozone gives collateral reduction 
in color, B.O.D. and C.O.D. 


3. A Welsbach Ozone plant can be operated on 
a batch treatment or on continuous basis and 
can be made fully automatic. Ozonators and 
treatment vessels require very little space. 


4. Welsbach Ozone is generated where it is used. 
No procurement problems. No freight, stor- 
age or materials handling expense. 


5. Maintenance costs are negligible. And since 
the only raw materials needed are electricity 
and air or oxygen, operating costs are con- 
stant and predictable. 


. .. but, most of all, Welsbach Ozone is econom- 
ical, convenient and dependable. Write today for 
information and, if you wish, indicate the nature 
of your problem. The Welsbach Corporation, 
Ozone Processes Division, 1500 Walnut Street, 
Philadelphia 2, Pa. 


Investigate WwW AC H 
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Low installation 


Since the Worthington comminutor is designed so 
that raw sewage flows straight through its screen, it’s 
easily installed in a straight rectangular sewage 
channel 

Result? Expensive masonry work is not needed, 
which makes for simplified, low-cost installation. 

This was an important factor in the selection of a 
Worthington 25C6 comminutor as part of recent 
improvements at the Klamath Falls, Oregon, Sewage 
Treatment Plant. 

This comminutor, installed downstream from a grit 
chamber and upstream from a clarifier, was lifted 


SEE the Worthington Cor- 


poration Exhibit in New 
York City. A lively, in- 
formative display of prod- 


uct developments for in- 


dustry, business and the ia _—_ 
home. Park Avenue and RL 
Bist Street. 


SIMPLE SIDE CHANNEL (inset) was built for this Worthington com- 
minutor at Klamath Falls, Oregon, because Mr. E. A. Thomas, the 
City Engineer, wanted to use the existing channel as a by-pass. 


cost swings 
Klamath Falls to Worthington 


directly from its packing crate and set right in the 
channel in a minimum of time. 

Easy-to-remove cutter racks for occasional sharpen- 
ing and the built-in flood protection provided by a 
mercury seal are other advantages of the Worthington 
commiunutor. 

Get all the facts and figures on the rugged 
Worthington comminutor. Check with your nearest 
Worthington district office. Or write today for new 
engineering manual on comminutors, W-317-B17. 
Worthington Corporation, Public Works Division, 


Harrison, N.J. W.4.5 
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ALL MAJOR PUBLIC WORKS EQUIPMENT UNDER ONE RESPONSIBILITY 


Water Works Pumps * Sewage Pumps * Comminutors © Vertical Turbine Pumps © Vacuum Pump 
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Here’s the Answer to Corrosive Sewage 


Armco Assestos-Bonpep Pipe was se- 
lected for this sewer because it will carry 
corrosive industrial sewage. Millions of 
asbestos fibers are bonded to the base metal 
by a zine coating and sealed with a special 
bituminous saturant. The result is com- 
plete protection against severe corrosive 
conditions. 

This, plus the flexible strength of cor- 
rugated metal design and tight, positive 


joints, adds up to years of trouble-free 


service. There is no danger of crushing, 
cracking, disjointing or malalignment. 
(Juick, simple installation assures low first 
cost. 


ret Armco Aspestos-Bonpep 


You can g 
Pipe, or for limited headroom applications, 
Aspestos-Bonpep Pipe-Arch in wide 
range of sizes. Write us for full data. 
Armco Drainage & Metal Products, Inc., 
3515 Curtis Street, Middletown, Ohio. 


Subsidiary of Armco Steel Corporation. 
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FLOW CONTROLS — exclusive 


Camp Channel Section and Regula- 
tor* maintain constant optimum 
velocity for effective grit settling, 
regardless of rate of flow through 
plant. Velocity can be easily and 
instantly adjusted to meet changing 
Minimum head loss. 


*Patented 
CONVEYOR single strand, con- 


tinuous drag type. Flights carry the 
settled grit from channel bottom to 
hopper for washing and removal. 


conditions 


Technical Supplement 
containing com- 
plete data on the 
AMERICAN CaAmP GRIT 
CHANNEL and REGULA- 
TOR, is available on request 
with Bulletin 249B, 


de sign 


COMPLETE EQUIPMENT 
to do the complete job! 


, PROVIDES CONSTANT OPTIMUM VELOCITY 

\ POSITIVE ADJUSTMENT FOR VARYING FLOWS 
HYDRO-DYNAMIC WASHING 

AUTOMATIC DRAINING AND REMOVAL 


110 Merth Br 
AURORA, 


ay 


HYDROWASH UNIT — washes 


grit free of organic matter by produc- 
ing a turbulent downflow recircula- 
tion and agitation of liquor in grit 
hopper. Organics returned to hopper. 


ELEVATOR-— totally enclosed, tube 
type, for slow and continuous re- 
moval of washed grit from the hop- 
per. Grit drains as it is being elevated 
through the tube. 


Write for Bulletin No. 249B 


AMERICAN- ‘WELL Works 


Pumping tewage lreetment ond 

Water Purification Equipment 


City 
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[here's no substitute for 
CONCRETE and STEEL! 


eee eee 


Concrete, with its proven qualities of 
durability, non-corrosion, resistance to 
electrolytic action, and high compression 
strength is combined, by Lock Joint, 


with steel’s toughness, resilience and high 
tensile strength to make a pipe that 
retains the best qualities of both— 

non tuberculance, high structural strength 
and long life with little or no 
maintenance, Dense concrete affords 
complete protection for the quality 


LOCK JOINT PIPE COMPANY 


Established 1905 
P. O. Box 269, East Orange, N. J. 


PRESSURE PIPE PLANTS: Wharton, N. J., Turner, Kan., 


Detroit, Mich., Columbia, 8. ¢ 
SEWER & CULVERT PIPE PLANTS 


Casper, Wy + Cheyenne, Wyo, Denver, Ce Kansas 
Kennett Square, Pa. + Valley Park, Mo. + Chicago, Lil 
Island, + Wichita, Kan, « Kenilworth, N. J. 
fonn. « North Haven, Conn, « Tucumeari, N. Mex 


City, Okla + Tulsa, + Beloit, Wis. Hato Rey, P. 
ones, P. BR. + Caracas, Venezuela « Wholly Owned Subsidiary, 


LOCK JOINT 
combines 

; these materials 
to make 

. the ideal pipe! 


4 Placing outside form, prior to pouring 


concrete, around eteel reinforcing cage 
of Lock Joint Reinforced Concrete Pres 
Pipe 


reinforcing steel, Both materials are 
carefully calculated to meet your pressure 
needs with a wide factor of safety. The 
Lock Joint Pipe Company's Rubber 

and Steel Joint is extremely watertight 
and, at the same time, flexible. 


For superior strength, carrying 
characteristics and trouble-free operation, 
let Lock Joint supply your pipe needs 

in sizes 16” and larger. 


City, Mo 


Hartford 
Oklahoma 


(reat Lakes Pipe Co., Plants: Buffalo, N.Y. « W. Henrietta, N.Y. 
SCOPE OF SERVICES—Lock Joint Pipe Company specializes in the manufacture and in 
atallation of Reinforced Concrete Pressure Pipe for Water Supply and Distribution Maina 
16° in diameter or larger, aa well aa Concrete Pipes of all types for Sanitary Sewers, Storm 


Draina, Culverta and Subaqueous Lines, 
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At Levittown, Pennsylvania a large city grows 
According to Reader's Digest, this is one of the 
> 


ry; - 4 fastest-growing communities in the world 
¥ ts ee Their modern sewage plant was designed by 
= Sanitars Engineer J Biele 


operability in a control room layout designed for 


P.F.T. “CONTROLLED DIGESTION” SYSTEM 


This modern control room is part of a Gauge Glass located just below the indi 
well-designed sewage treatment plant cators. 
rushed to completion in connection with Ample space is provided in the contro] 


the Fairless Plant of U.S. Steel. The plant room for convenience in operation of the 
was planned for flexible capacity and digester system 


F.T. “Controlled he gas-fired P.F.7T'. Heater and Heat 
—— So Exchanger (at left) has a capacity of 
The control chamber is ideally housed 750,000 Btu per hour. The other unit 
surrounded by the four 55-foot diges at 


right) is gas and oil fired with a 
ters. P.F.7'. Cover Position Indicator Dials 


500,000 Btu per hour capacity. The en- 

with low-level alarms) flank each side of tire plant incorporates the latest thinking 

the room. An operator may see the exact 
sition of the P.F.T. Floating Covers on 

ANKS i a gian J e may eep ciose sry a: 
P.F.T. Gas Safety Units—two 3-inch 

control of supernatau: liquor by means ‘ 

waste gas burners; four 3-inch pressure re 
of the P.F.T. Supernatant Selectors and aa 

lief units; four 3-inch low-pressure checks; 

four 3-inch sediment traps and accumu- 
lators; flame cells; manometers and drip 
taps. The gas safety equipment is located 
in a separate room, 


in plant and control room design. 


Complete information on all or part of 
Levittown’'s equipment is yours upon request. 


Design Albright & Friel, Inc., 
of plant by Philadelphia, Pa. 


waste treatment equipment 


exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 


Outside view of the four 55-foot digesters showing 


the convenient position of the control room Chicago 13, Illinois 
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N January first of this year, Dorr-Oliver Incorporated became 

a corporate entity through the merger of The Dorr Company, 
Engineers and Oliver United Filters Incorporated. Not a merger in 
name only, the combined staffs, engineering skills and facilities of 
the two organizations are being welded into a single unit, with a 
vastly increased capacity to serve on a worldwide basis. 

Both companies have their roots in gold ore metallurgy. The 
Dorr Company was founded by John Van Nostrand Dorr on his 
early inventions, the first of which was developed in 1904 to solve 
the problem of mechanical classification of gold ores. Oliver United 
had its beginning in 1907 with the development of the first success- 
ful continuous vacuum filter by Edwin Letts Oliver and its prac- 
tical application to the cyanide process. Since their inception, both 
companies have grown steadily in technical stature to positions of 
leadership in their ever-widening and complementary, fields. 

This cumulative, combined experience . . . coupled with a pro- 
gressive faith in the future . . . is the strength of Dorr-Oliver. For 
present and future clients alike throughout the world it means 
better solutions to process problems in those fields of metallurgical, 
chemical, industrial and sanitational engineering in which Dorr 
and Oliver have specialized for nearly half a century. 
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Sewage Works 


EFFECT OF FLUORIDE CONCENTRATION ON 
SLUDGE DIGESTION 


By Werner N., 


CGRUNI 


{ssociats 

Georgia Institute 
iluorides are finding their way in 
numbers into public 
Because they are not 


ever inereasing 
water supplies. 
destroyed in the normal course of do- 
water consumption, 
fluorides will be found in the waste 
waters, in treatment plants, 
and to a lesser degree in the sludge. 
The investigation reported here is a 
portion of the research work reported 
in another paper (1) and concerns the 
effects on sludge digestion due to the 
fluoride ion 

Since many American cities are, or 
will be, adding approximately 1 p.p.m. 
of fluoride ion to their water supply, 
it was assumed that up to 50 per cent 
of this concentration, or 0.5 p.p.m., 
found in the sludge. It is 
known that some substances when pres- 
ent in small quantities may exert a 
stimulating effect on a reaction, but 
may be decidedly deleterious to bio- 
logical or biochemical systems at higher 
Furthermore, Rudolfs 
that a detrimental ef- 
fect may be expected with certain salts 
and chlorine, among others, when pres- 
more than 


mestic some 


sewage 


may be 


concentrations 


(2 suggested 


ent in sludge in trace 
amounts, 

Although a normal concentration not 
to exceed 0.5 p.p.m. of fluoride ion is 
estimated, almost 5 p.p.m. of sodium 
fluoride (NaF) as the fluoride ion (F) 
were added to digester No. 12 in the 
two runs here presented. The sludge 


sample size and physical set-up have 


AND Ropertr Q. SLOAD 


Professor and Research Assistant, re spectively, School of Civil Engineering, 


of Technology, Atlanta, Ga. 


been deseribed previously { ] Ii 
No. 1] received no fluoride, but 
contained the same substrate as No. 12 
and served as the control in these ex 
The sludge mixture in 
vestigated was in the ratio of 1.5: 1 raw 
to digested solids, by weight, based on 
the initial volatile matter content; the 
incubation temperature 30° C. 
Nak was added only on the first day 
batch and 
any greater concentration of fluoride 
in a sludge could be only accidental. 

The eumulative gas production in 
the presence of about 10 times the ex 
pected normal fluoride concentration 
appears unaffected, as shown in Fig 
ures 1 and 2, No. 11 and 
12. The total cumulative gas produc 
tion in Run [V, using 1,000-ml. sludge 
samples, was 490 ¢.c, per gram of vola 
tile solids with almost 5 p.p.m. NaF (as 
I’) after 37 days, as compared to 495 
c.c. per gram of volatile solids for the 
control (Figure 1). In Run V, with 
initial sludge samples of 700 ml, the 
corresponding values were 321 vs. 319 
per gram of volatile solids after 
40 days. Although a small amount of 
biocatalyst (approximately 430 p.p.m.) 
was added to both digesters on the fifth 
day of Run V, any real effect on the 
progress of digestion due to these en 
zymes and bacteria may be disregarded, 
as was concluded from the previously 
reported work (1). 

The reaction velocity constants, k, 


vester 


periments 


was 


since digesters were used 


digesters 
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and the ultimate gas values, L, were reduction in digesters No. 11 and 12 
not materially affected in the presence in Run IV showed 57 per‘cent redue 
of the fluoride ion concentration. The tion in the presence of the fluorides vs. 
actual values have been presented in 67 per cent reduction for the control. 
Tables 1V and V of the previous paper. The corresponding reductions in Run 
The specific gas yield in Run IV was’ V were found to be 33 per cent and 
greater for digester No. 12 as com 9 per cent, respectively. 
pared to digester No. 11, the control. The addition of almost 5 p.p.m 
The actual values were found to be Nak as the fluoride ion, a concentra 
16.0 vs. 13.5 eu. ft. per pound of vola tion probably exeeeding by at least 10 
tile matter destroyed, respectively. In times the expected concentration, did 
Run V the yield was 15.3 vs. 13.8 cu. not appear to affect those digestion 
ft. per pound of volatile matter de- activities studied in two experiments 
troyed. The per cent volatile matter extending over 75 days. Although th 


LEGEM 


DIGESTER 


| . MIXTURE, RAW TO DIGESTED 

DIGESTER 62 | MIXTURE, RAW TO DIGESTED + BIOCATALYS 
OGESTER 

OIGESTER 64 MIXTURE, RAW TO DIGESTED + BIOCATALYS 
™ | MIXTURE, RAW TO DIGESTED 

DIGESTER #6 1% | MIXTURE, RAW TO DIGESTED + BIOCATALYS 


| 
#7 1%: | MIXTURE, RAW TO DIGESTED 
OIGESTER | MIXTURE, RAW TO DIGESTED + BIOCATALYS | 
ooesrer 2 MIXTURE, RAW TO DIGESTED 
DIGE erRew 2 1 MIXTURE, RAW TO DIGESTED + BIOCATALYS 
DIGESTER #11 1% | MIXTURE, RAW TO DIGESTED 
DIGESTER #12 1h: | MIXTURE, RAW TO DIGESTED + FLUORIDE 


| MIXTURE, RAW TO DIGESTEL 


Tore! Ges Praduced - 


FIGURE 1.—Cumulative gas production, Run IV, showing effect of fluoride (digester 
No. 12) as against control (No. 11); conditions as given in reference (1). 
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EFFECT OF FLUORIDE 


MIXTURE, RAW TO DIGESTED 

MIXTURE, RAW TO DIGESTED « BIOCATALYST 

| MIXTURE, RAW TO DIGESTED 

MIXTURE, RAW TO DIGESTED « BIOCATAL 
% | MIXTURE, RAW TO DIGESTED 
| MIXTURE, RAW TO DIGESTED 
+ | MIXTURE, RaW TO DIGESTED 


! 

TER #4 i 
1% | MIXTURE, RAW TO DIGESTED + BIOCATAL TST 
2 


STER SS @ 

STERS6 

STER 

sTeR 

TER 
OMESTER #12 


1 MIXTURE, RAW TO DIGESTED 
| MIXTURE, RAW TO DIGESTED + BIOCATALYST 
| MIXTURE, RAW TO DIGESTED 
» | MIXTURE, RAW TO DIGESTED + FLUORIDE + BIOCATALYST 


EACH DIGESTER BATCH = 700 wi. 


ING LION TEMPERAT 
p}OIGESTER #142 
OWESTER wc + 
DIGESTER #546 
OIGESTER #748 
DIGESTER #94 10 
DIGESTER #104 12 


cu. om por gm ¥ 


Tere! Ges Produced 


Time in days 


FIGURE 2.—Cumulative gas production, Run V, showing effect of fluoride (digester 
No. 12) as against control (No. 11); conditions as given in reference (1). 


data are too scant to draw any final normal fluoride concentration would 
conclusions, it appears unlikely from produce detrimental effects on the di 
these results that the presence of a gestion of sewage solids, 
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EXPERIENCE WITH SOLID PLATINUM ELECTRODES 
IN THE DETERMINATION OF DISSOLVED 
OXYGEN 


I. University of North Carolina Studies 


By Water R. Ly: 


i Enaincerina, School 


of Public 


ND Daniet A. OK 


North Carolina, 


Health, University of 


Chapel Hill, N. ¢ 


There has long been a need for a 
rapid means of determining the dis 
olved oxygen concentration in water 
and sewage The standard Winkler 
test (1) is most useful, but its many 


modifications are indicative of the ex 


tent to which the presence of interfer 


ing substances affects the results of 
the test. There are still many inter 
fering substances for which suitable 
modifications of the Winkler test have 
not been found, In particular, the 
determination of dissolved oxygen in 


heavy sludges by the Winkler test 
not satisfactory 

The need for improved methods of 
dissolved oxygen determination has re 
sulted in development of the polaro 
method the dropping 
electrode, which has received 
considerable study in recent years (2) 

3)(4)(5)(6), and which is included 
‘in the Tenth Edition of ‘‘Standard 
Methods’”’ This method overcomes 
many of the difficulties with interfer 
ring the Winkler test 


The determination of dissolved oxygen 


graphic using 


mercury 


substances in 


in sludges and sludge-sewage mixtures 
by the polarographic method has many 
advantages over the Winkler method 
Thus, the polarographic method seemed 
to offer strong possibilities for the di 
termination of the change in dissolved 
oxygen, or oxygen utilization, in acti 
vated 


nection with research on the effect ot 


sludge-sewage mixtures in con 
oxygen tension on the biological treat 
ment of sewage 


of absence from Maleolm Pirni 
New York, N, 


* On leave 


Engineers, 


gen in place, in 


In determinations of dissolved oxy 
‘working’’ activated 
there 


mereury drop 


ludge-sewage mixtures, may b 


the 
from the turbulence necessary to main 


interference with 
tain the activated sludge in suspension 
in the liquor. There is also the serious 
of toxicity of the mercury 
when working with small samples. To 
circumvent these difficulties, 
solid platinum electrode, of the rotat 
itself. This elec 
trode rotates at relatively high speed 


problem 
use of a 


ing type, suggested 
and should sereen out any effect of the 
turbulence in the liquor necessary for 
maintaining sludge in suspension. 
Ippen Yoseph, Posthill (5 
were faced with a similar problem in 


and 


determining dissolved oxygen in aerat 
ing liquors. They concluded that the 
platinum offered 
definite advantages over the dropping 


rotating electrode 
mercury electrode in that it could he 


placed directly in a stream of rising 


air bubbles and it would not be af 
fected by turbulence 

This the 
of an investigation into the use of the 
platinum electrode for de- 
termination of oxygen in 


order to ascertain its practicability for 


paper summarizes results 
rotating 
dissolved 
work on activated 


use in research 


sludge-sewage mixtures 


Apparatus 


The apparatus used was a modifiea- 
tion of the Dorber Dissolved Oxygen 
A potential initiated from 
a dry cell is applied 


erence electrode and rotating platinum 


Analyzer 
to a calomel ref- 
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electrode, which were inserted in a 
narrow-mouth sample bottle, or cell. 
Current flowing through the cell is a 
function of dissolved oxygen concen- 
tration and is measured on a microam- 
meter. The platinum electrode is a 
0.046-in. diameter platinum wire pro- 
truding 0.171 in. from the lower end 
of a brass shaft. The shaft is coated 
with 3 coats of Tygon paint to insulate 
it from the sample. 

A 20,000-ohm voltmeter was placed 
in the circuit to measure applied volt- 
age. A stroboseope was used to deter- 
mine speed of rotation of the platinum 
electrode. 


Supporting Electrolyte Required 


It has been shown by Marsh (7) that 
a serious limitation of the rotating 
platinum electrode lies in the fact that 
it will work only in aqueous solutions 
having a conductivity of more than 
0.01 reciprocal ohm per em., which re- 
quires a concentration of about 1 per 
cent sodium chloride 

Samples of sewage and dilution wa- 
ter were used to determine the concen- 
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trations of salt required. All determi- 
nations were made with dissolved 
oxygen concentration constant at satu 
ration with respect to air and room 
temperature. Chloroform was added 
to prevent utilization of the oxygen. 
Increasing increments of sodium chlo 
ride were added until the highest de 
flection was recorded by the microam- 
meter. These data show an increased 
galvanometer deflection with increas 
ing salt concentrations, up to 1.1 per 
cent. As excessive electrolyte concen- 
tration has no observable effect, it was 
decided to inoculate all subsequent 
samples with sodium chloride to a con. 
centration of 1.1 per cent. 


Calibration 

Current-voltage curves were run in 
the range of 0.63 to O.86 vy. at D.O. 
concentrations ranging from O to 36 
p.p.m. The current measured increases 
with increased dissolved oxygen con 
centration. However, unlike the usual 
current-voltage curve found with the 
dropping mercury electrode, in no in 
stance was there obtained a flat curve 
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FIGURE 1.—Calibration curves for rotating platinum electrode. 
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where there 18 no increase in current 


with an increase in voltage. Failure 
of the curves to level off was also noted 


in the MIT studies (5), 


were 


where current 
from 0 to 


voltage 
1.4 v 


Current and dissolved oxygen read 


eurves run 


ings at 0.7 and 0.8 v. were taken from 


the current-voltage curves and plotted 
(Figure to 


calibration 
for this instrument. Theoreti 
cally, the diffusion current should be 
directly proportional to the dissolved 
oxygen However, the 
calibration curves are not linear. 
Marsh (7) has shown that 
function of dissolved oxygen 
fusion 


serve “a8 


curves 


concentration 


a linear 
and dif 
with 
pure sodium chloride brines at an ap- 
plied potential of 0.73 v. and a 
solved oxygen range of 0 to 6 p.p.m. 
6.0 p.p.m 
the calibration curve was found to be 
Ippen, Yoseph, and 
obtained a 


current can be obtained 


dis 


Beyond concentrations of 


no longer linear. 
Posthill (5) 
0.4 v not linear. 
The calibration curve furnished by the 
Dorber Co 
is linear up to 10 p.p.m 


calibration 


curve at which 


was 


with their standard model 
The technique 
recommended by Dorber involves add- 
ing dry sodium chloride to the cell be- 
fore adding the sample. 


Filming of Electrode 


Samples of tap water and sewage, 
inoculated with electrolyte, were placed 
in cells 


and current readings were 


made. Readings were then made every 


minute for periods up to 35 min. with 
out the 
electrode 

A decrease in current flow 
was noted, particularly in the first 6 
min, 
10 min. for water samples dropped an 
average of 25 per cent below initial 
readings, whereas after 6 min. read- 


cleaning rotating platinum 


with time 


Current readings obtained after 


ings for sewage samples dropped an 
average of 43 per cent below the in- 
itial values. This apparent filming of 
the electrode in continuous measure 
ments erratic results, es 
pecially in sewage. It is believed that 


may cause 
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this is the reason for poor reproduce) 
bility. 


Effect of Rotational Speed 


Tests made to determine how 
speed of rotation influences diffusion 
current With 


concentration in the sample equal to 


were 


measurements oxygen 


saturation at room temperature, the 
speed of rotation was varied between 
300 and 860 r.p.m. Above 500 r.p.m., 
increasing the speed does not appear to 
have any effect on measured current, 
although, as the speed falls below 500 
r.p.m., 
rent is noted. 
fore, that it 
the speed above 500 r.p.m., 


considerable reduction in 
It would appear, there 
maintain 
and that 


slight changes are of little significance 


eur 


is desirable to 


Conclusions 


The main object in consideration of 
the use of the rotating platinum elec- 
trode by the authors was its adoption 
for measurement of dissolved oxygen 
concentration in sewage and activated 
sludge and for the continuous measure 
ment of D.O. in determining rates of 
utilization in 

There 


which 


sewage-sludge 


two 


oxygen 
mixtures 
factors 


however, 
with the 
of the rotating platinum electrode for 
such studies: 


are, 
interfere 


use 


1. The need for the addition of elec 
trolyte is a serious disadvantage in 
continuous measurements of D.O., as 
the high salt concentration required by 
this electrode may affect the activity 
of the microorganisms under investiga 
tion. The need for the addition of salt 
would militate against use of the in 
strument for D.O. 
place. 

2. The apparent filming of the elec- 
trode, noted particularly with sewage, 
would seriously interfere with its use 
in continuous oxygen utilization meas 
urements. 


determinations in 
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II. Georgia Institute of Technology Studies 


By Ropert S. 


Research Professor, Engineering Experiment Station, Georgia Institute of Technology, 


Atlanta, Ga. 


The author has been extremely in 
terested, as have been Lynn and Okun 
method 
for continuously recording the amount 


(see Part I, preceding), in a 


of dissolved oxygen in a sample of 
sewage during a B.O.D. test in order 
to get both the time of onset and the 
rate of the B.O.D. reaction, The drop- 
ping mercury electrode is accepted as 
a technique for determining dissolved 
oxygen (D.O.) for spot samples (1) or 
for the final D.O. in the B.O.D. test (2). 
However, the mercury itself is very 
toxic, and the addition of the liquid 
extended time to a 


sample of sewage in a modified Sierp 


mercury over an 
apparatus prevents the maintenance of 
a constant liquid which is 
highly desirable in attempting to de- 
termine the volume of oxygen utilized, 
In a dilution B.O.D. test, the added 
liquid mereury makes the designing of 
diffieult tech- 
nique requires the confinement of a 
liquid sample within a closed container. 


volume, 


equipment because the 


Alternating Potential 


A solid platinum electrode, therefore, 
would be highly desirable for follow 
ing both the time of onset of the bio 
chemical reaction and the rate of its 
procedure. In 1949, Olson, Brackett, 
and Crickart (3) published a technique 
which used a solid stationary platinum 
electrode and a calomel half-cell elec 
trode as the electrode pair for the de 
termination of D.O 
sions. The solid platinum electrode at 
low negative potentials of less than 1 \ 
tends to accumulate a film of hydrogen 
gas, which causes a decrease in current 
flow as it accumulates. The D.O. re 
acts at the platinum surface to remove 
the hydrogen film and permit a higher 
current flow than would occur in its 
absence, but there is still a steadily 
decreasing current flow caused by 
polarization of the electrode. In the 
method of Olson et al (3) the electrode 
was depolarized and the hydrogen film 
removed both by alternating the charge 
and by rest periods between each charge. 


in algae suspen 


ad 
| 
a) 
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Thus 


four periods of 2.5 see 


with a 10-see there 


evele 


2 during the 


first period, the platinum was nega 
tively charged; during the second pr 
riod, there was no charge; during the 


third period the platinum was positively 
charged ; and during the fourth period 


there was Because the 
can control the eurrent flow only when 


no chara 
the platinum is negative, the D.O. | 
measured only during a portion of thi 
first During the first 


of negative charge on the 


instant 


period 


platinum 


there a large surge of current flow. 
As the charge is continued, the quan 
tity of current flow is much less be 
cause the electrode has become covered 
with a hydrogen gas film. The quan 
tity of current flow at this time is a 


result of an equilibrium between the 


resistance to flow caused by the hydro 
gen gas film and the tendeney to pre 

vent the hydrogen gas film by the 
D.0. The final second of the 2.5 see 
is used for measuring the current flow 


to indicate the D.O 
The quantity of 


concentration 


current flow is de 


pendent on the surface area of the 


platinum at a constant D.O. It was 
found that a platinum electrode that 
vave at saturation for air 
was convenient with the equipment 


built in the author’s laboratory. 
After a 


instrument Was 


conference with Olson, an 


developed in the lab- 


oratory and was tested for several 
months in order to determine its suit 
ability for the determination of D.O 
during the B.O.D. reaction It de 


veloped that the technique was highly 
that the 
easily obtained with a sufficient degre 


reproducibl results wert 


of sensitivity to make them highly de 
B.O.D 


was 


irable for the and 


that no limit 


reaction, 
found for the ap 
straight-line 


paratus to give a curve 


between concentration and eur 
rent flow When, however, the elec 
trode pair was immersed in sewage, 


the instrument worked normally for a 
difference 
was found in the current flow between 


few minutes but then no 


the oxygen-saturated sewage and the 
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dissolved-oxyven-deficient sewage, be 

current flow remained at the 
saturated value. This lack of 
difference in current flow with high 
and low D.O. values might be expected 
from the work by Lynn and Okun who 


show 


cause the 


that there is a continually de 
value for the current 
when the rotating platinum electrode 


creasing flow 


was placed in sewage. However, in 
this case, the flow failed to 
decrease in the absence of oxygen with 


current 


alternating potential electrodes rather 
than the converse as with the rotating 
Thus, it that the 
electrode covered 
with a film which did not permit a 


decrease in 


electrode appears 


platinum became 
from an ac 
cumulation of hydrogen gas film on 


current flow 
the platinum when the dissolved oxy 

It was 
that the 


dissolved 


gen was driven out of solution 


realized from these results 


technique for determining 
oxygen developed by Olson et al (3) 
was not applicable for use with sewage, 
despite the fact that it 
very well in comparatively pure water 


would work 


where only algae were present. In a 
private communication, Olson indi- 
cated that there had been some diffi 


culties in using the technique for the 


determination of dissolved oxygen 
where the algae suspension had been 
the cells 


homogenized; that is, where 


had 


zymes liberated into the medium, 


been broken down and the en- 


Coatings Tried 


Considerable time was spent at 


tempting to find a film or coating 
Which might be placed on the platinum 
electrode to keep away the film which 
would prevent the 


platinum from 


polarizing in the absence of oxygen. 
Kor this work the platinum electrode 
was covered with collodion from vari- 
ous ether-alcohol mixtures; the mem 
brane adhered to the platinum surface 
very well at first, but when the covered 
electrode was immersed over a period 
of time, the cover swelled 


The 


collodion 
and loosened from the platinum. 


; 
were 
> 
: 
| 
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collodion membrane was completely 
within a few hours, 
even though it helped for a short time. 
Other water-insoluble membranes be- 
haved similarly to that of the collodion, 
and this approach to the problem was 
In an attempt to 
why the electrode system 
work in the presence of 
sewage, yet would work in pure water, 
the boiled and 
the oxygen changed mechanically by 
bubbling first oxygen and then nitro- 
gen through the sample. When this 
technique the oxygen de- 
pletion caused a reduction in the cur- 
rent flow, and the electrode system 
permitted the current flow to follow 
the dissolved-oxygen level very well. 
It was concluded, therefore, that en- 
zymes in the sewage were responsible 
in part for a catalytic conversion of 
the hydrogen into hydrogen gas at a 
constant current density that did not 
permit a differentiation of the pres- 


ence or absence of dissolved oxygen 


unsatisfactory 


soon abandoned. 
determine 
would not 


some of sewage Was 


was used, 


Tap Water Study 

The rotating platinum electrode dis- 
by Lynn and Okun also 
been studied by the author for the de- 
termination of dissolved oxygen in tap 
water. A platinum electrode rotating 
at 600 r.p.m. was immersed in a por 
tion of tap water. It was found that 
the electrode but that 
the results were reproducible only to 

10 per cent, even in clear water. 
Then it found that the current 
density was markedly reduced by a 
floc of aluminum oxide which was 
caught on the platinum electrode as 
The instru- 
the rotating 


cussed has 


was sensitive, 


was 


it rotated in the sample 
ment 


and the study of 


Moore, FE. W., Morris, J. C., 
D. A., ‘‘The 
nation of Dissolved Oxygen in Water 


and Okun, 
Polarographie Determi 


and Sewage.’’ Sewage Works Jour., 
20, 6, 1041 (Nov., 1948). 
2. Busch, A. W., and Sawyer, C. N., ‘‘De 
termination of the B.O.D. of Sewage 
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platinum electrode was abandoned. It 
is realized that a of the 
platinum wire, as it protrudes from 
the rotating shaft, might have aided in 
the reduction of the number of par- 
ticles which would catch on the plati- 
num, but only one particle was evident 
in the sample. It would seem, there- 
fore, that this would not be a particu- 
larly desirable system for measuring 


redesign 


dissolved oxygen in sewage or activated 
sludge, where it would be most helpful, 
because in activated sludge there would 
also be a large number of obvious floes 
which could catch on any protrusion 
from the shaft of the rotating electrode 


Conclusions 


that al 
rather desirable tech- 
determining dissolved 
been reported in the 
literature, these are designed for spe 
cifie applications. The use of a solid 
platinum electrode for determining dis 
solved oxygen continuously in sewage 
has not to the attention of the 
author. The method of Olson, Brack 
ett, and Crickart (3) has the simplest 
electrode and the best repro 
ducibility for the determination of dis- 
solved oxygen in a sample which is 
free of biological de 
products The rotating 
platinum electrode is desirable for the 
determination oxygen in 
water free of floes and highly saline 
as pointed out by Lynn and Okun 


It is concluded, therefore, 
though 
niques 
oxypren 


several 
for 
have 


come 


system 


comparatively 
vradation 


of dissolved 
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INFLUENCE OF ANIONIC DETERGENTS ON THE 


DIFFUSED AIR ACTIVATED SLUDGE PROCESS 


By P. N. Degens, Jr., H. van 


per Zer, and J. D. KomMER 


Koninklijke/Shell-Laboratorium; Publieke Werken, Afdeling Riolering en Waterverversing ; 


and Koninklijke/Shell-Laboratorium, respectively, Amsterdam, Netherlands 


One of the most important condi 
tions for satisfactory biological treat 
ment of sewage is the proper function 
ing of the installation used; that is, 
the trickling filters or the activated 
sludge plant 

In this investigation into the influ 
ence of synthetic detergents on the 
biological step of sewage purification 
the diffused air activated sludge proc- 
ess was studied because there is an 
installation of this type operating in 
West Amsterdam 

A pilot plant was built consisting 
of two uniform, continuously working 
units, the principal parts of which are 
an aeration tank, a Dortmund settling 
tank, and a re-aeration tank (Figure 
1). Kach unit is fed with settled sew- 
age from the full-scale plant in West 
Amsterdam, This sewage is pumped 
into the 15-1, aeration tank, where it is 


mixed with approximately 20 per cent 
of activated sludge and aerated for 
about 3 hr. 

At the end of this period the mixed 
liquor is transferred to the 8-l. settling 
tank through an overflow tube, the 
settled effluent being drained off and 
the activated sludge re-aerated in the 
8-]. re-aeration tank for 8 to 10 hr. be- 
fore it is recycled. 

Unit I receives the sewage to which 
synthetic detergents have been added ; 
unit Il serves to carry out the blanks 
Two types of syndets were used: a 
secondary alkyl sulfate (Teepol) and 
an alkylaryl sulfonate (a propylene 
tetramer benzene sulfonate). It may 
be observed that the settled sewage fed 
to the pilot plant already contained 
some syndets, both of the alkyl sulfate 
and of the alkylary] sulfonate types, in 
average concentrations of 1 to 6 p.p.m 


I. EXPERIMENTS WITH SECONDARY ALKYL SULFATE 


Conditions 


For the experiments with secondary 
alkylsulfate (added as Teepol), the 
process conditions for each unit were 
as follows, The aeration tank influent 

about one population equivalent) was 

maintained at a flow of 5 1. per hour 
with return activated sludge feed (12 
to 15 g. of dry matter per liter) of 1 
|. per hour. Air dosage (about 1.8 cu 
m. per person per day) amounted to 75 
|. per hour, with the mixed liquor 
aeration being carried on for 3 hr. 
The settling tank detention period was 
1.5 hr.; the re-aeration time was 8 hr 
for an activated sludge feed of 1 | 
per hour 


Process Control 
As a means of checking the purifica 


tion process, the following values were 
determined 


1. Oxygen content of mixed liquor 
aeration tank) 

2. Sludge index (settling tank). 

3. 5-Day B.O.D. (effluent). 


4. Oxygen consumed from KMnQ, 


fluent). 
5. Nitrate content (effluent). 


6. Alkyl sulfates and alkylary! sul 
fonates (effluent). The analytical 
methods used for determining these 
values are given in Appendix I 
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Results 


First, the two units were put through 


a two-week running-in period to ensure 


identical operation, and to provide a 


reliable comparison when Teepol was 
Table 


averages for the 


added to unit I at a later stage. 
I gives the 
running-in period 
The results show 
excellently 


weekly 


that both units 
in exactly the 
The sludge index is good 
as are also the B.O.D. and the O.C 
of the effluent; the oxygen 


the mixed liquor is on a good level (1 


work and 


ame Way 


content of 


to 2 p.p.m. of O and nitrification 
NO, content) is satisfactory. 

As a next step, secondary aklyl sul 
fate in the form of a dilute Teepol solu 


tion was added to the influent of unit I, 
the influent flow remaining at 5 | 


per 
hour and consisting of 4.2 1. of settled 
se wape p.p.m 

solution 100 


B.O.D. 325 
Teepol 


active matter). 


(average 
with O.8 |. of 
p.p.m. of 


The eoncen 


tration of alkyl sulfate in the influent 


of unit [ was therefore: 50 p.p.m. + 2 


p.p.m, (the latter term represents the 


to 5-p.p.m. concentration already 


present in the settled sewage), in ad 
dition to 3 to 7 p.p.m. of alkylary! 
sulfonate. A concentration of 50 


p.p.m, of alkyl sulfate * is higher than 


is ever likely to be reached in sewage 
future. 
of the settled sewave 


even in the distant 
As the B.O.D 
Teepol mixture is about 70 points 
higher than that of the settled sludg& 
alone, the blank (influent of unit II 


" All syndet concentrations are recorded in 


of 


active matter 


TABLE I. 
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was adjusted correspondingly ; that is, 
to 4.2 |. of settled sewage and 0.8 1. 
of sodium stearate 250 
p.p.m 
were 


solution 
The other process conditions 
identical with those previously 
The results of the first 
t-week experiment and 
those of the second, which took about 
recorded in Table IT. 
One is immediately struck by the 
fact that in both B.O.D. of 
the effluent of with Teepol 
added higher than 
that of blank) during the 
first two The B.O.D. removal 
in unit I about 88 per cent, as 
against 97 per cent in unit II. This 
implies that during the first two weeks 
the process of purification with the 
aid of activated sludge was inhibited 
by the presence of secondary alkyl sul 
fate, in spite of the fact that most of 
this compound was converted (about 
55 p.p.m matter in the in- 
fluent and 5 to 7 p.p.m. in the effluent). 
This inhibition was also perceptible in 
the O.C. values and the NO, contents, 
and it is noteworthy that the oxygen 


deseribe d 


(continuous 
6 weeks, are 


runs the 
unit I 
was considerably 
unit I] 
weeks. 
was 


of active 


content in aeration tank | was much 


lower during this period than it was 
in aeration tank IT (blank). 


Contrary to expectation, during the 


first two weeks the sludge index of 
the activated sludge from unit I was 
higher than that of unit II. which 


means that the activated sludge from 
unit I settled more readily than that 
unit Il. (By the method of de- 
termination used, a high sludge index 


from 


indicates a sludge with a high dry 


Weekly Averages during Running-In Period for Experiments with 
Secondary Alkyl Sulfate 


Effluent 
| Content 
Sludge Index | Aeration Tank — 
Ruaning-In | | (p.pom R.O.D oc NO; 
Period p.p.m p.p.m.,) (p.p.m.) 
| = 
Unit! Unit II Unit I | Unit | | Unit Unit I | Unit | Unitl } Unit II 
Ist week | 149 | 144 | 11 1.2 12 | 14 | 19 | 19 9 9 
2nd week | 119 | 122 | 18 18 | 16 | 14 16 | 16 | 12 ll 
| 


‘ 
12 
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j 
a 
= 
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of 
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= 
if 
4 
\ 
: 


Vol. 27, No. 1 


TABLE [{1.—Results of 


ANIONIC DETERGENTS 


Experiment with 50 P.P.M. Secondary Alkyl! Sulfate 


Effluent 

ndex Tan . See. Alkyl Alkylaryl 
(p.p.m.) (p.p.m.) | (p. p.m.) (p.p ) 
Unit | Unit | Unit | Unit | Unit Unit Unit | Unit | Unit | Unit | Unit | Unit | Unit | Unit 
| I I Il? | I Il? | In I I I 
(a) Frrst Run 
Ist week | 125 | 117 | 0.8 2.2 | 43 12 17 13 Q 18 7 0 3 2 
2nd week 135 95 1.3 28 | 36 10 17 15 7 Q 6 0 3 2 
3rd week 150 | 145 | 2.7 | 28 | 13 12 16 16 8 7 l 0 2 2 
ith week | 142 | 137 | 19 | 2.1 20 18 14 14 6 6 1 0 3 2 
5th week | 151 | 151 | 1.7 | 18 | 37) 34) 17) 17 | 10] 0 | 3 2 
(b) Seconp Run?* 

| | | | 
Ist week 139 | 122 | 0.5 | 2.5 30 6 14 s l 12 6 0 z2i2 
2nd week 114 | 103 1.4 2.2 34 7 14 11 6 9 5 0 2 2 
jrd week 113 114 2.8 2.8 14 15 10 10 ba 8 0 0 2 2 
ith week 114 | 116 8; 7 rf 7 aie 1 0 2 2 
5th week | 1141116125 1} 9] 10} o | o | 2 2 
6th week | 96 | 95 | 2.6 | 2.4 18 | 9] 7 2 

| | 


After running-in time 
* Blank (control). 
With fresh activated sludge 


solids content matter in a small vol- 
ume; in other words, a heavy, readily 
settling sludge.) 

By the end of the second week the 
activated sludge in unit I had adapted 
itself to the high dosage of secondary 
alkyl sulfate and the purification of 
the sewage proceeded in exactly the 


same way as in the blank. This is 
evident from the B.O.D., O.C., and 
NO, contents of the unit I effluent, 


which were in both runs the same as 
those of the unit II (blank) effluent. 
The oxygen content in the unit I aera 
tion tank was on the same level as 
that of the blank, as was also the 
sludge index. Moreover, the secondary 
alkyl sulfate was removed almost quan- 
titatively from the influent, its content 
in the effluent being negligible. 

No frothing was observed in the aera- 


tion tanks during either of the ex 


periments, not even during the first 
two weeks. 


Conclusion 


In the diffused activated sludge proe- 
ess the purification of settled sewage 
with an abnormally high concentration 
50 to 55 p.p.m. of active matter) of 
secondary alkyl sulfate (Teepol) is 
somewhat inhibited during an initial 
After the 
activated sludge has become adapted 
this of secondary 
alkyl sulfates, no influence whatever 
upon the treatment processes is ob- 
served. The B.O.D., O.C., and NO, 
contents of the effluent of the syndet 
experiments were the same as those of 
the effluents of the blanks, as were also 
the sludge index and oxygen content 
in the aeration tanks. 


period of some two weeks. 


to concentration 


The secondary 
alkyl sulfate was broken down almost 
quantitatively during the 
No foaming was 


biological 
treatment process. 
observed, 


From the laboratory experiments by 
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TABLE Ill. —-Weekly Averages during Running-In Period for Experiments with 
Alkylary!l Sulfonate 


Effluent 
Sludge Index 
Running-Ir B.O.D NO; 
Period (p.p.m p.p.m p.p.m.) 
Unit I Unitll | Unitl UnitIl | Unit! Unit II UnitI | Unit Il 
Ist week 75 | 12 13 17 17 
2nd week 82 84 14 13 12 12 5 6 


Gaillard (1), Manganelli (3) and Ru to 150 p.p.m. as sold (30 p.p.m. active 
dolfs (4), as well as from the full- matter) have no influence on the puri 
scale experiments by Hurley (2) (also fication process and on the quality of 
with trickling filters), the conclusion the activated sludge and the final 
may be drawn that alkyl sulfates up — effluent 


Il. EXPERIMENTS WITH ALKYLARYL SULFONATE 


Normal Process Conditions and settled sewage (average B’O.D. 325 
30 P.P.M. Alkylaryl Sulfonate p.p.m.) and 0.8 |. of syndet solution 
Cambithous with 155 p.p.m. of active matter. The 


concentration of alkylary! sulfonates in 
the influent of unit I was therefore 
25 p.p.m. +2 p.p.m. (the latter term 


represents the 3- to 7-p.p.m. concentra 


After the pilot plant has been thor 
oughly overhauled the two units were 
run in with settled sewage under the 
‘ame conditions as mentioned in See 


tion I, until the process results in the tion already present in the settled sew 


two units were identical (see Table 4@¢), in addition to 2 to 5 p.p.m. of 
111). An alkylaryl sulfonate (propy-  @lkyl sulfates. 

lene tetramer benzene sulfonate) was As a solution of 28 to 32 p.p.m. of 


then added to the influent of unit [ alkylaryl sulfonate has no B.O.D., the 
in the form of a dilute solution of influent of unit IIT (blank) was aceord 
this syndet, the feed rate refaaining ingly adjusted to 4.2 1. of settled sew- 
» |. per hour, containing 4.2 1. of age plus 0.8 1. of tap water. 


TABLE IV.—Results of Experiment with 30 P.P.M. Alkylaryl Sulfonate, 
Normal Process Conditions 


| Effluent 
Content, | 
Aeration | | j 
Tank | Alkylary! 
(p.p.m.) B.0.D. Ni Sulfonate 
| | q 
Unit Unit Unit | Unit Unit Unit | Unit Unit Unit | Unit 
I}? | I I? I II I Il I II? 
| 
Ist week 118 | 5b 16 0 10 
2nd week 0 23 | 35 7 15 8 0 " 21 I 
3rd week 0) os) | FF 7 16 8 0 3 20 2 
ith week 0 Lo. 7 44 10 16 v 0 2 19 2 


' After running-in time 
? Blank (control) 
* Average influent B.O.D. = 275 p.p.n 


“7 
q 
a a 
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The other operational conditions in 
the two units were the same as those 
recorded in Section I. 


Process Control 


To enable close control of the proe- 
ess, almost the same tests were carried 
out as mentioned in Section [. 


Results 


. Every day samples of the effluent and 
of the activated sludge of the two units 
were analyzed separately. The aver- 
age values for each week (Tables IV 
and V) were calculated from the daily 
results. 

From Table IV it may be inferred 
that a dosage of 25 p.p.m. of alkylaryl 
sulfonate during the entire 4-week pe- 
riod has a certain influence on the 
purification process. Whereas in the 
experiments with secondary alkyl sul- 
fate Section I) the activated 
sludge adjusted itself after a given 
running-in time to the changed compo- 
sition of the sewage, in this experiment 
with alkylaryl sulfonate (about 30 
p.p.m.) this was not the case 

The effluent of unit I was turbid; 
the average B.O.D. removal was 88 per 
cent instead of the 98 per cent ob- 
tained in the blank. The O.C. value 
of the effluent of unit [| was higher 
than that the effluent of unit IT. 
It is conspicuous that no nitrification 
occurred in unit I, and no free oxygen 

could be detected in the mixed liquor 


(see 


of 


Sludge Index 
Period! 
Unit I Unit 

Ist week 111 86 
2nd week 121 76 
3rd week 145 73 
4th week 148 


' After running-in time. 
* Blank (control). 

In dry matter of activated sludge 
and 15 g. per liter for unit I. 
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TABLE V. -Characteristics of Activated Sludge of Experiment with 30 P.P.M. 
Alkylaryl Sulfonate, Normal Process Conditions 


15 


in the aeration tank. 
was sometimes a good deal of froth, 
mainly in the last section of the aera- 


Moreover, there 


tion tank of unit I. This only occurred 
on Sundays, during the night and early 
morning, during the periods when the 
settled sewage has the lowest concen 
tration of suspended solids. In _ the 
blank unit (settled sewage with 2.5 
p.p.m. of alkylaryl sulfonate and about 
an equal concentration of alkyl sul 
fates) there was never any frothing. 

The effluent of unit I still contained 
a considerable portion of the alkylaryl 
sulfonates (about 20 p.p.m. of the 
original 30 p.p.m.), which was also the 
case in the effluent of the control unit 
(2 of the original 5 p.p.m.) 

The color of the activated sludge in 
the settling tank of unit I was darker 
than that of the activated sludge of 
unit Il. The sludge index of unit I 
(see Table V) was unexpectedly good 
and the relatively heavy sludge settled 
readily. The sludge contained much 
syndet, however, both alkyl sulfate and 
alkylary! sulfonate. 

Evidently during regeneration of the 
activated sludge these compounds are 
insufficiently broken down in unit I 
Under the given experimental condi 
tions the concentration of alkylaryl 
sulfonates in the cireulating sludge 
rises to a level that is undesirable for 
the activity of the sludge, apparently 
reaching a constant 
unit [ up to 1.67 per cent) 


given value (in 


Alkyl Sulfate’ Alkylary! Sulfonate® (%) 


Unit I Unit Unit! Unit 
0.17 0.12 1.24 0.18 
0.28 0.12 1.59 0.20 
0.30 0.12 1.67 0.25 


0.26 0.12 1.67 0.26 


; dry solids averaged 12 g. per liter for unit II (control) 


: 
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The extent of 
ion Of the alkylaryl sulfonates can be 
een by drawing up the following bal 
ance 


the biological conver 


Input 
Influent 
p.p 
Disch rye 
fhuent, 24 hr 
20 p.p.0 
Iixcess act 
Total 


2 660 


Converted, biological! O40 


is evident that 
about one-quarter of the alkylaryl sul 


Krom this balance it 


fonates in the influent was converted 
The biological conversion of the 
slightly 
high 


ulfonates 


alkyl 

inhibited by the 
concentration ol 

The effluent of 
always alkyl 
whereas it was in the previous 
Thi 


accompanied by a 


sulfates was 
presence of 
alkylary! 
unit | was not 
sulfate 
experiment and in the controls 


free ot 


phenomenon was 
higher concentration of alkyl sulfates 
in the activated sludge of unit I 


establishment of 


equilibrium; about 
0.28 per cent on a dry basis compared 
with 0.12 per the control 


Table V 
In spite of the 1 ee 


cent in 
that there was 
content of syndets in 
d sludge of unit Il 


i] 


cally, 13 p.p.m 


il a certain 
Con 
alkyl sul 
and 
0.25 
concentra 
effect at 
ity and, under the given 


0.12 per cent dry basis) 
ulfonates 

these 

ve had no 


eondition the 


purity of the 


required degree of 


effluent was achieved 


Conclusion 


this 
concluded 
of settled sewage 
the aid of 
some extent inhibited by the presencs 
of 30 p.p.m 
the settled 


Krom series of experiments it 
that the purification 
B.O.D. 275 p.p.m 


sludge is to 


can be 


with activated 


of alkylaryl sulfonate in 
Settled 


se ware Se 
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containing about 5 p.p.m. of alkylary! 
sulfonate when purified has the very 
good B.O.D. of about 7 p.p.m., but the 
same settled sewage with 30 p.p.m. of 
subjected to the 
purified 
B.O.D. of about 32 p.p.m 
B.O.D. of 


alkylaryl sulfonate 
same process is only to a 
the target 
value being a less than 20 
p.p.m 

The activity of the activated sludge 
is affected by alkylaryl sulfonates (see 
also Gaillard (1), Manganelli (3) and 
Rudolfs (4) ) ; that is, by an excessively 
high concentration of this compound 
and result of 


too low an oxygen content of the mixed 


in the sludge also as a 


liquor in the aeration tank, due to 
inadequate oxygen consumption in this 
medium (see Manganelli (3) ) 


lor the sewage plant manager it is 


also 


important to know the maximum per 
missible concentration of alkylaryl sul 
settled 


and 30 p.p.m.) 


fonate in sewat between 5 


that does not cause any 
inhibition of 


the purification process 


under normal conditions. He will also 


have to ascertain whether process con 


ditions Can be modified SO aS to ensure 
that the sewage is sufficiently purified 
if, under normal conditions 


mum 


the maxi 
permissible concentration of 
alkvlaryl sulfonates is exceeded 

In the 
inafter both these aspects ol the prob 
dealt with, with the 
determination of the maximum permis 


investigation described here 


lem are starting 
sible alkylaryl sulfonate concentration 
in the settled sewage when the process 
normal conditions. 


is run under 


Re-Activation of Sludge 


Before experimenting with a lower 
dosage of alkylary! sulfonates it was 
ascertained whether the sludge that had 
lost unit | 
during the previous experiment might 
not be re-activated to the level of that 
of the control. The addition of alkyl- 
aryl sulfonate to unit | was therefore 
discontinued, the unit being fed with the 


some of its activity in 


same type of sewage as unit II; that 
is, with 4.2 1. of settled 


sewage (con 


3 

4 

Alk. Ar. Sulf 

(mg./day 

600 

2.400 

ge, 1 200) 

: 

le 

4 

te t 

ing 

BES: 
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taining about 5 p.p.m. both of alkyl 
sulfate and alkylaryl sulfonate deter 
gents) and 0.8 |. of tap water per hour, 
both units running under the 
normal process conditions as in See- 
tion I. 

The results (Table VI) show that 
the sludge index of unit | decreased, 
in other words, the sludge settled more 
slowly. At the end of about 20 days 
its color was about the same as that 
of the control 


same 


The content of alkylaryl sulfonate, 
both in the activated sludge and in 
the effluent of unit I, decreased rap- 
idly, on the one hand through biologi- 
cal conversion, on the other through 
being passed off via the effluent and 
the superfluous sludge (accretion) 
At a concentration of about 0.40 per 
cent of alkylaryl sulfonate in the dry 
matter of the activated sludge this 
sludge is again sufficiently active to 
effect the required purification of the 
sewage under normal conditions. At 
this both the B.O.D. and the 
O.C. value of the unit | effluent satis 
also, this efflu 
ent was no longer turbid. 


value 
fied the specifications ; 


When determining the oxygen con 
tent of the mixed liquor in the aera- 
tion tank of unit I, it was found that 
in about 20 days the liquor again con 


tained free oxygen. 


| 


Alkylary! 
Sulfonate | 
Days! 
Unit I Unit I Unit! | Unit I | Unit I 

| 
0 168 82 | 1.66 | 0.25 33 

5 161 60 | 1.30 0.25 | 
10 163 78 0.90 0.22 21 
15 163 89) (0.53 0.25 17 
20 0.39 | 0.27 13 
25 138 106 0.41 0.25 | 12 


From start of experiment 


TABLE VI. Re-Activation of Sludge after Discontinuing Addition of Alkylary! Sulfonates 
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Krom this experiment it may, to 
some extent, be concluded that the con 
centration of alkylaryl sulfonate in the 
activated sludge must not 
given maximum under certain process 
conditions. With a high alkylary] sul 
fonate content in the settled sewage, 
this maximum, which under normal 
process conditions will be in the neigh 
borhood of 0.40 per cent (as referred 
to dry matter), will be easily exceeded, 


exceed a 


because this type of detergent is very 
slow to break down biologically. Pos 
sibly its decomposition can be promoted 
by maintaining a sufficiently high oxy 
gen concentration in the aeration tank 
To determine the permissible con 
centration of alkylaryl sulfonates in 
the settled sewage, so as to obtain an 
effluent up to standard, an experiment 
was carried out with 12.5 
alkylary!l sulfonate in the 
unit | of the pilot plant 


p.p.mn, of 
influent of 


Normal Process Conditions and 
12.5 P.P.M. Alkylaryl Sulfonate 


After the pilot plant had 
cleaned and filled with fresh activated 
sludge the two units were run in for 


been 


some time applying the same normal 
conditions as previously described 
Alkylary! sulfonate was then added to 
the influent of unit I, the total content 
of this compound being 12.5 p.p.m 


Effluent 


B.O.D | A'kylaryl 
Sulfonate 
p.p.m.) p.p.m.) (p.p.m.) 
Unit Il Unit I Unit Il Unit I Unit Il 

i2 | 9 | 0 | 14 2 

5 15 | 6 

8 | 17 a 2 

9 | 16 9 | 2 2 

M4 | 15 10 2 2 

| | | 2 2 


In dry matter of activated sludge; dry solids averaged 13 ver liter for unit IL (eontrol) 


and 15 g. per liter for unit I 
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TABLE VII.—Results of Experiment with 12.5 P.P.M. Alkylaryl Sulfonate, 
Normal Process Conditions 


B.O.D. 
(p.p.m.) 


Unit I Unit It 


lst week 
2nd week 
week 
ith week 


| After running-in period 
* Average influent B.O.D. = 275 p.p.m 
* Blank (control) 


(about 5 p.p.m. already in the settled 
sewage plus the 7.5 p.p.m. added) 


Re sults 


The average weekly results of this 
(Tables VII and VIII) re- 
veal that the effluent of unit I was not 
yet up to standard in comparison with 
the control (unit Il). The B.O.D. was 
still too high (averaging 33 instead of 
12 p.p.m 
B.O.D 
per was achieved, as compared 
with 96 per cent in the blank. No free 
oxygen was detected in the mixed liq- 
uor in the unit | tank. In 
this experiment no nitrification 
either in unit I or in unit II 
It is notable that the sludge index, too, 
was still higher than that of the blank ; 
contrary to expectation, unit I still had 
a heavier activated sludge, which set 
tled more readily. There was no froth 


experiment 


as in the control); yet, a 
removal of 275—-33/2.75 


cent 


aeration 
was 


observed 


TABLE VIII. 


Unit If | 


Alkylaryl 
Sulfonate 
(p.p-m.) 


NOs 
p.p.m.) 
| 


Unit I | Unit IP Unit I Unit I* 


0 0 
0 
0 0 
0 0 


ing at all in the blank (unit II). Oc- 
easionally there was some frothing in 
unit I, usually on Sundays, during the 
night or early morning, when the set- 
tled sewage was less concentrated than 
in the daytime. 

To ascertain the maximum permis 
sible concentration of alkylaryl sul 
fonate in the settled sewage at which 
a well-purified effluent is obtained un- 
der normal process conditions, one may 
perhaps utilize the relation existing, up 
to a point, between the percentage of 
alkylary! the activated 
sludge (as referred to dry matter) and 
its concentration in the settled sewage 
(Figure 2). In interpreting this curve 
it must be borne in mind that the 
content of alkylaryl sulfonate in the 
settled sewage of the blanks (unit IT) 
varied between 3 and 7 p.p.m. (al- 
though an average of 5 p.p.m. was 
assumed in all the tests), and in conse- 


sulfonate in 


Characteristics of Activated Sludge of Experiment with 12.5 P.P.M. 


Alkylaryl Sulfonate 


Sludge Index 


Unit I Unit I? 


Unit I 


Alkyl Sulfate® Alkylaryl Sulfonate® (% 


Unit Unit I 


Unit 


| 
| 
week 152 | 126 
2nd week 156 119 
week 158 125 
ith week 191 | 134 


0.20 
0.22 
0.19 
0.21 


0.10 
0.11 
0.08 
0.12 


0.60 
0.58 
0.51 
0.47 


0.26 
0.26 
0.22 
0.18 


' After running-in period 
* Blank (control) 
‘In dry matter of activated sludge, which averaged 17 g. per liter for each unit 


18 
| | 
Kaper | | 
Period! | - | 
tia | | 
Unit I 
| 
ee | 40 | 22 | 20 16 | 3 
37 | | 2 
Be | 32 iz | 19 15 | i 2 
ry 
| 
| 
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Alkylaryl 
(p.p.m.) 


Normal 


Alkylaryl Sulfonate in Dry Matter of Activated Sludge (#) 


Sulfonate Process 
Conditions 
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BI sludge, re-activated 


; 


1 
? 


| 


20 25 Jo 
Alkylaryl Sulfonate in Settled Sewage (p.p.a.) 


FIGURE 2.—Adsorption of alkylaryl sulfonate to activated sludge; pilot plant air dosage, 
75 1. per hour. 


quence in unit | it varied from 10 to 
15 p.p.m. (this experiment) to 18 to 
22 p.p.m. (the immediately following 
experiment) and 28 to 32 p.p.m. (the 
first experiment in this section). From 
the immediately foregoing experiment 
it might be deduced that for the pilot 
plant experiments, with a normal air 
dosage of 75 1. per hour, the critical 
content of alkylaryl sulfonate in the 
dry activated sludge is 0.4 per cent 
(Table VI). According to Figure 2 
this would correspond to about 7 p.p.m. 
of alkylaryl sulfonate in the settled 
sewage 


At the present consumption of syn 
dets, this concentration will easily be 
exceeded in domestic sewage, so that 
it should be ascertained whether an 
improvement in the sewage treatment 
by the diffused air activated sludge 
process can be effected by modifying 
the process conditions. 

To this end, in the first place the 
load of the aeration tank was reduced 
by 25 per cent, which prolonged the 
oxidation reaction time (see next sec 
tion). Subsequently, under normal 
load the air dosage was increased by 
a factor of 3 (see second section fol 
lowing ) 


= 
| 
| 
| | | 
B IIT 12.5 
20 Higher air dosage | 
| | | 
+ ; 4 j 
| } | 
| | 
} | 
| | | | | 
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j 
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TABLE IX.—Results of Experiment with 30 P.P.M. Alkylaryl Sulfonate and 
25 Per Cent Load Reduction 


Unit If Unit I 


lat 


2nd weel 


week 


' After running-in period 


B.0.D. = 2 


2 Average influent 


3 Blank ( 


75 p.p.m 


Corl trol) 


Reduced Plant Loading, 30 P.P.M. 
Alkylaryl Sulfonate 


After the two units of the pilot plant 
had a filled with 
vated and had run 
at feed of 
(instead of 5 1, per hour 
feed rate 
f 11. per 


the other experimental conditions ré 


vain been 
sludgr 


water 


fresh acti 
for 
4] 
and an 
0.75 | 


some 


time ui rate per 


hour 


activated sludu: of 


per hour instead o hour 


deseribed In 
25 p.p.m 
continuously 


as those 
additional 


sulfonate 


maining the 
Section | 
alkylary| 
fed to unit I 
30 p.p.m 

the 


ame 
an 2 of 
was 

total concentration about 
lt ascertained whether 
the 
thus 


Improvement 


Was 


increase in mixed liquor air 


resulted 
B.O.D 


obtained 
of the 


reaction time 


an and 
O.C. removal 

of the results of his 
experiment (Tables [IX and X) with 


those of Tables [IV and V and Tables 


Comparison 


TABLE X.—Characteristics of Activated 


Alkylaryl Sulfonate and 25 


Sludge Index 


Unit I 


Ist’ week 
2nd week 


srd week 


150 
169 
168 


' After running-in period 
*Blank ( 
In dry matter of activated sludge, which 
liter for unit I 


ontrol) 


Unit I Unit 


18 
14 
15 


VII 
out 


reve 


and VIII, which were both carried 
under normal conditions, does not 
al any essential differences 


(‘oncluston 


Reducing the plant load by 25 per 
cent, which prolongs the reaction time 
the tank 
in an improvement of 
of settled 
p.p.m. of alkylaryl sulfonates 


result 
purification 
about 30 


does not 


t he 


containing 


in aeration 


sewage 


Higher Air Input, 20 P.P.M. 
Alkylaryl Sulfonate 


It has been remarked that free 


oxygen could be identified in the aera 


no 


tion tank of unit | when the alkylary! 


high 


because 


sulfonate content 
30 


was (12.5 and 


p.p.m., respectively ap 
parently the oxygen absorption in this 
medium inhibited It was 


tained, therefore, whether an 


IS ascer- 


increase 


Sludge of Experiment with 30 P.P.M. 
Per Cent Load Reduction 


lfonate® (% 


Unit If? 


0.25 
0.24 
0.25 


averaged 12 g. per liter for unit IT and 15 g. per 


= 

Effluent 
| { 
3 | 
= hex pe B.O.D2 NO Alkylaryl 
Period | (p.p.m ul nate 

| 

Unit I Unit Unit I ntl? | 

| 

37 14 18 9 0 
11 21 10 0 0 2 

ny 

ae 

— 

2 

j 

Alkyl Sulfate Alkylary! 

Exper 

Period | 

Unit Unit I Unit If Unit I 

| 0.38 0.10 1.83 

gif | 81 0.30 0.05 1.7] 

87 ().27 | 0.07 1.66 

| | 

i 
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TABLE XI.—Results of Experiment with 20 


ANIONIC DETERGENTS 21 


P.P.M. Alkylaryl Sulfonate and Increased Air 


Effluent 


Content, 
Aeration 
| Tank 


Exper. (p.p.m.) B.O.D 


Period! 


| 
| 
| 


| Unit | Unit Unit Unit 

I? IP 
Ist week 3.5 2.4 
2nd week | 3.2 19 11 7 
3rd week 4.1 1.1 14 13 
ith week 3.3 1.4 7 | 


Arrer Rerurnine Unrr I 


6th week | 0.6 30 | @ 11 
7th week 0.2 6 


' After running-in period. 
? 225 |. air per hour. 
* Blank (control); 75 1. air per hour. 


of the air dosage would improve the 
activity of the sludge. 

After the pilot plant had _ been 
cleaned and filled with fresh activated 
sludge and the units allowed to run 
in so as to obtain identical operation 
under the conditions mentioned in See- 
tion I, the air dosage of unit I was 
increased to 225 |. per hour instead of 
the 75 1. per hour maintained in unit 


(p.p.m.) 


oc | NO Alkylaryl 

(p.p.m (p.p ) 
Unit Unit Unit Unit Unit Unit 
I | Ip 1 | 
13 1h 6 4 7.7 | 27 
15 14 10 4 10.0 2.6 
14 14 5 4 9.2 2.8 
17 15 | 10 5 | 82 | Ls 

to 75 L. or Ar per Hour 

16 1 | 3 6 | 4 | 23 
20 12 0 8 12.6 19 


Il. To the settled sewage of unit I 
alkylaryl sulfonate was added until the 
influent concentration was 20° p.p.m 
By addition of tap water to the settled 
sewage of unit II the B.O.D. of the 
two units was brought to the same 
level, averaging 275 p.p.m. The other 
conditions were the same as 
described in the first experiment under 
this section. 


process 


Characteristics of Activated Sludge of Experiment with 20 P.P.M. 


Alkylary! Sulfonate and Increased Air 


TABLE XIl. 
Sludge Index 
Period 
Unit Unit It 

ist week 110 100 
2nd week 142 105 
3rd week 146 
ith week | 120 73 


Arrer Rerurnina Uniti I vo 75 L. 


5th week 
6th week 105 | 56 
7th week 110 | 


' After running-in period 
* 225 |. of air per hour 
* Blank (control); 75 1. of air per hour 


Alkyl Sulfatet (% Alkylary! Sulfonatet (% 
Unit l Unit Unit I Unit 
0.25 0.21 0.77 0.35 
0.24 | 0.21 1.09 0.35 
OAT 0.17 1.36 0.41 
0.36 | 0.33 1.09 0.30 
Arm pen Hour 
1.20 0.30 
1.22 


22 0.35 


‘In dry matter of activated sludge, which averaged 10 g. per liter for unit II and 13 g. per 


liter for unit I 


a 
r 
we 
: | | | 
4 % 
he 
7 4 
| 
| 
| 
| 
| 


Results 


From the average weekly results of 
this experiment (Tables XI and XII 
the following observations may be 
made. 

At an oxygen concentration of 3.5 
p.p.m. in the aeration tank of unit I 
(containing activated sludge and a set 
tled sewage with 20 p.p.m. of alky! 
aryl sulfonate), the B.O.D. of the sew 
age is reduced to below 20 p.p.m. and 
is therefore up to standard. Never 
theless, the average B.O.D. of 11 p.p.m 
in the effluent of unit I is a little higher 
than that of the control (8 p.p.m. 
in spite of the fact that the control 
unit received only 75 p.p.m. of air 
per hour 

The O.C, values of the effluents of 
the two units are equal. Owing to the 
higher oxygen dosage in unit I, the 
nitrification in this unit is higher than 
that of unit I] 

Notwithstanding the higher oxygen 
concentration in the unit I aeration 
tank, the biological conversion of the 
alkylaryl sulfonate does not proceed 
more rapidly; about one-half the 
amount of the syndets originally pres 
ent is still found in the effluent. 

The sludge index of unit I is slightly 
better than that of unit II, but it is 
much more remarkable that in spite 
of the fact that the dry activated 
sludge of unit I contains about 1 per 
cent of alkylary! sulfonate, this sludge 
remains sufficiently active under the 
given process conditions to effect ade 
quate purification of the settled sew 
age 

Although in this experiment more 
air was passed in per unit of time than 
in the previous ones, no greater froth 
ing was caused. Occasionally some 
froth was formed in the early hours of 
the morning and sometimes on Sun 
days 


Conclusions 


By increasing the oxygen content of 
the mixed liquor in the aeration tank 
in this investigation up to 3.5 p.p.m 
of oxygen) it proved possible to purify 
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settled sewage (B.O.D. 275 p.p.m.) 
containing alkylaryl sulfonate at the 
rate of 20 p.p.m. of active matter, in 
such a manner that the effluent was 
up to standard. Allowance will, how 
ever, have to be made for the fact that 
the effluent will invariably contain 
some alkylaryl sulfonate. 

It is up to the sewage plant man 
ager to ascertain what the minimum 
oxygen content in the aeration tank of 
his activated sludge plant must be to 
ensure good purification of the sewage. 
This will differ from plant to plant and 
for each type of sewage. The way in 
which the air is applied in the activated 
sludge process—that is, whether the 
diffused air system is applied, or Kes 
sener brushes are used, or the Haworth 
bioaeration system (with paddles) 
will also have some influence 


After-Treatment by Trickling Filter 


Instead of purifying settled sewage 
by an activated sludge process, in prac 
tice trickling filters are often used, 
these being less sensitive to fluctuations 
in the composition of the sewage. It 
it is not possible for some reason to 
adjust the process conditions of an 
activated sludge plant so as to obtain 


4 


| 
ruren 


FIGURE 3.—Tipping bucket proportion- 
ing apparatus for trickling filter experi- 
ments. 
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TABLE XIII.—Results' of Trickling Filter Experiment 


| 
Trickling Filter Influent* | Trickling Filter Effluent 
eriox Alkylary! Alkylary 
B.O.D. NOs B.O.D 0.c NOs 
(p.p.m.) (p.p.m.) (p.p.m,) Bulfonate (p.p.m.) (p.p.m.) (p.p.m.) 
lst week 29 16 2 11.4 6 10 61 10.2 
2nd week 38 20 0 12.6 | 9 11 74 10.5 


' Weekly averages. 
? After running-in period. 
’ Effluent of pilot unit I. 


properly purified sewage, it would be 
possible to give it after-treatment in 
trickling filters. 

Therefore, an experiment was car- 
ried out running the activated sludge 
pilot plant under normal conditions 
(continuation of the experiment with 
reduced plant loading and 30 p.p.m. 
sulfonate, but with 75 1. of air per 
hour and 20 p.p.m. of alkylary! sulfo- 
nate in the unit I influent) and then 


ling filter was 305 1. per square meter 
per hour and the volume loading was 
266 1. per cubic meter per hour. 

The trickling filter was allowed to 
run in for about two weeks so as to 
make sure that the process of bacterial 
maturing was in equilibrium with the 
sewage to be purified. After this 
period the effect of the filter on the 
purification of the effluent of unit | 
of the activated sludge pilot plant was 


passing the unit I effluent on to a checked. The results (Table XIII) 
trickling filter. This was to determine show that even when the sewage is 


if the effluent, which still contained 
about 10 p.p.m. of alkylaryl sulfonate, 
could be purified up to standard 
through the trickling filter. 

The test filter (Figure 3) consisted 
brick tube (inside diameter 10 
em., length 120 em.) filled with stones 
from a full-seale trickling filter in op- 
eration, to accelerate bacterial matur- 
ing in the test filter. 

The effluent of unit I of the activated 
sludge pilot plant was passed alter- 
nately to the trickling filter and to a 
collecting tank. This enabled a check 
to be kept on the influent and the 
effluent of the trickling filter, which 
received 2.5 1. of water per hour. 
Hence, the surface loading of the trick- 


of a 


passed rapidly through the filter the 
required reduction of the B.O.D. and 
O.C. of the effluent of unit I is ob 
tained. Strong nitrification is effected, 
but there is hardly any biological con 
version of alkylaryl sulfonate under 
these conditions 


Conclusion 


Sewage containing alkylaryl sulfo 
nates that has not been sufficiently puri 
fied by activated sludge can be brought 
up to standard as regards B.O.D. and 
O.C. by after-treatment in a trickling 
filter. The alkylaryl sulfonate is then 
only partially broken down, however, 
so that this type of compound will re 
main in the effluent 


III. GENERAL CONCLUSIONS 


The experiments herein 


showed the following: 


reported 


1. Secondary alkyl sulfate (as Tee 
pol) in a concentration of 50 p.p.m. 
active material (= 250 p.p.m. as sold) 
in the settled sewage has no influence 


on the biological purification of this 
sewage after the activated sludge has 
adapted itself to this high syndet con 
centration, which concentration will 
never occur in actual practice. The 
alkyl sulfate is decomposed practically 
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quantitatively during the process and 
consequently hardly occurs in the efflu 
ent 

2. Under the 


the previous experiment, alkylaryl sul 


same conditions as in 


fonate (as a propylene tetramer ben 


zene sulfonate) in concentrations of 30 
p.p.m. and 12.5 p.p.m. active matter 
has an inhibitive influence on the puri 
fication of the ettled sewage not 


at 5 howevel 


The activity of the 
influenced b 

specifically, by 

the sulfonate 


activated sludae 


alkylaryl sulfonate ; 

a high concentration of 
in the sludge and also by 
content in the mixed liquor 


too 


the oxygen 
in the 
which 


aeration tank being low 


caused by unsatisfactory oxy 
gen absorption in this medium 

A reduction of the plant load by 
oo per which prolongs the rea 
did not 
B.O.D 


sewarve 


cent 


tion time in the aeration tank 
improvement in 
settled 
with 30° p.p.m 


active matter 


result in an 
and O.C. removal of 


275 


alkylaryl sulfonate 


p.p.m 


By increasing the oxygen concentra 
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APPENDIX I.—ANALYTICAL 
TION OF 

Sludge Indea 
The 


is the 


sludge index is a/b, where a 


p.p.m. of suspended solids, and 
»b is the amount of sludge in per cent 
l-hr the 


by volume, after settling of 
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tion in the mixed liquor in the aeration 
this 
p.pm. O by 


investigation up to 3.9 


three-fold 


Vas pos 


tank (in 
applying a 

increase of the air dosage) it 
sible to purify settled sewage with an 


alkylary!l sulfonate content of 20 p.p.m 


active matter to such an extent that 
an effluent meeting the B.O.D. and 
0.C. standard was obtained 


The 
after-purification of the effluent from 
the activated sludge pilot plant, which 
had been 


age, 


same result was obtained by 


ven a ‘‘normal’’ air dos 


over a trickling filter 
As the biological conversion of alkyl 
ary! sulfonates proceeds 


it should be 


a considerable 


only slowly, 
account that 
this type of 


the effluent. 


taken into 
part ol 


syndet will remain in 
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Synthetic 


FOR EXAMINA- 
SLUDGE 


mixed liquor. A quantity of 250 ml. 
of a homogeneous mixed liquor from 
into a 250 
After settling 
the sludge volume was read 


the aeration tank was run 
ml. graduated cylinder 
for 1 hr 


#5 
5 
} 
= 
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off. The suspended solids concentra- 
tion (p.p.m.) of this mixed liquor was 
determined by filtering off and drying 
at 105° C. 


», Oxygen Content of Activated Sludge 
Mixture 


The oxygen content of the mixed 
liquor in the aeration tank was deter- 
mined according to the method of Sea- 
man and Allen (5). To prevent oxy- 
gen consumption by the activated 
sludge during storage of the sample, 
about 2 g. of phenol per 100 ml. of 
sample was added in the sample bottle 
beforehand. 


Oxygen Consumed (0.C.) 


The oxygen consumed determination 
was carried out as described in: 
‘*Standard Methods’’ (6), p. 122. In- 
stead of for 30 min., the sample was 
heated with KMnO, in a water bath 
for only 10 min., as is usual in the 
sewage plants in Amsterdam 


1. Biochemical Oxygen Demand 
(B.0.D.) 


The 5-day B.O.D. was determined as 
described in ‘‘Standard Methods’’ 
(6), pp. 139-43. 


i, NO. Content 


The NO, content of the effluent was 
determined according to the colori- 
metric brucine method deseribed by 
Dickinson (7). 


6. Synthetic 
Effluent 


The content of alkyl sulfate and 
alkylary! sulfonate in the effluent was 
determined according to the colori- 
metric methylene-blue method de 
scribed by Degens et al. (8). 


Detergents Content of 


7. Synthetic Detergents Content of Ac 
tivated Sludge 


To determine the content of anionic 
detergents activated 
sludge, this sludge is extracted with a 
NaOH solution according to the fol 
lowing procedure 

Pipette 25 ml. activated sludge into 
a 300-ml. Erlenmeyer flask. Add 3 ml 
NaOH 1:1. Place a reflux condenser 
on the Erlenmeyer flask and boil gently 
for 30 min. Allow to cool, transfer the 
liquid to a centrifuge tube, and cen- 
trifuge for 5 min. in an electric lab 
oratory centrifuge. Pour the clear 
solution into a 250-ml. measuring flask 
and transfer the sludge residue to the 
Erlenmeyer flask with the aid of 30 
ml. NaOH 2N. Boil again gently un 
der the reflux condenser for 30 min., 
allow to cool, and transfer the liquid 
to a centrifuge tube. Centrifuge again 
for about 5 min. and transfer the clear 
solution to the previously mentioned 
measuring flask. Swirl up the sludge 
residue in the centrifuge tube with 30 
ml. distilled water and centrifuge for 
5 min. Pour the elear wash liquor 
in the flask. Add a few 
drops of phenolphthalein and neutral 
ize with 25 per cent H,SO,. Fill up 
the measuring flask to the mark with 
distilled water 

Determine the content of anionic de 
tergents ap.p.m.) of 10 ml. of this 
solution by the methylene-blue method 
(8 The total 


adsorbed on 


measuring 


detergent content in 


the activated sludge is 10 @ p.p.m 


As the dry matter content (dry sol 
ids concentration) of the 
sludge may 


activated 
recommended 
that the syndet content be stated as a 
percentage of the dry matter of the 
sludge; therefore, the dry solids con 
centration of the activated sludge also 
must be determined 


vary, it is 
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EVALUATION OF TOXICITY 


By Rosert 8S. 


Research Professor, Engineering Experiment Station, Georgia Institute of Technology, 
Atlanta, Ga. 


First, it would seem wise to delimit 
the problem for this discussion. Dis- 
infection is frequently accomplished 
by chemical agents; but this paper dis 
cusses chemical agents and their 
pacity for toxicity or stasis. It should 
be realized that there is no sharp break 
between the action of disinfection, 
stasis, and toxicity, and Porter (13 
is very positive in his statement to 
that effect Disinfection may involve 
a more rapidly developed irreversible 
reaction, whereas by definition the 
change which brings about stasis can 
be reversed, But all contact times and 
chemical concentrations are relative 
and their effects can be changed by 
other conditions 

It is the primary purpose of this 
paper not to discuss disinfection, but 
to discuss those conditions where the 
concentrations of chemical agents, pri- 
marily metallic ions, are in that range 
permitting metabolic activity at a re- 
duced rate in relation to a control. 
The discussion is particularly pertinent 
to the addition of the toxie agents to 
waste treatment processes and stream 
sanitation 

In contrast to the discussion on waste 
treatment processes, higher organisms 
such as fish have a very limited range 
within which their metabolic activity 
can be varied. Thus, it is expected 
that it should be possible to determine 
an Lp, Within rather narrow limits 
for many animals, and this is consid- 
ered briefly in the latter part of the 
paper 

Several excellent literature reviews 
on toxicity have been published re- 
cently by subcommittees (2) (16) of the 
Research Committee of the Federation. 


It is the purpose of this paper to pre- 
sent concepts that may aid waste treat- 
ment engineers both in understanding 
the tremendous diversity in published 
toxicity values and also in thinking 
about a particular toxie waste prob- 
lem. 


Normal Cellular Activities 


In order to understand or evaluate 
toxicity properly, it would seem ad- 
visable at the outset to review some of 
the normal functions of the bacterial 
cell being dealt with. The normal cell 
must take in food, oxidize some of this 
food for energy, synthesize some of the 
food into new cellular material, then 
diseard the waste products of metabo- 
lism, finally divide into two daughter 
cells and then repeat the process. The 
first step in the activity or metabolism 
is, therefore, the movement or trans- 
portation of food and minerals from 
the outside of the cell to the interior 
of the cell where most of the actual 
metabolic processes take place. The 
nature of the cell membrane is not al- 
together known, but it is realized to be 
a combination of proteins and fats. 
Thus, it is semipermeable so that ma- 
terial in true solution and some lipoid 
substances or true fats can be trans- 
ported across the membrane to the in- 
terior of the cell. Under optimum con- 
ditions of food concentrations and 
other environmental factors, it is well 
recognized that many bacteria can re- 
produce at least once every half hour, 
and that this rate of metabolism can 
continue for short periods of time. If 
one takes sugar as a representative food 
for metabolic processes, it is well ac- 
cepted that approximately one-half of 
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the food taken in is used for the pro- 
duction of energy under aerobic con- 
ditions while approximately one-half 
ean be used for the synthesis of new 
protoplasm. As far as is known, tox- 
icity may manifest itself at any one 
of the various points in the normal 
metabolic process. 


Toxicity vs. Disinfection 


What is the generally accepted dif- 
ference between disinfection and tox- 
icity? Toxicity is generally associated 
with a reaction or reactions which may 
deter the metabolic processes in a cell, 
while not completely blocking them ; on 
the other hand a disinfectant or lethal 
substance is expected to bring about 
complete or irreversible changes in the 
cell. In this category of lethal sub- 
stances, it is common to place heat and 
such chemicals as chlorine; it is com- 
mon to place in the toxic category such 
substances as mercury, chromium, lead, 
and silver, which generally (although 
capable of killing bacteria) are much 
slower to kill with a given concentra- 
tion than chlorine. Thus, after a cell 
has been in contact with mercury for 
several hours, it is possible to remove 
the mercury so that the metabolism of 
the cell can return again to the normal 
pattern. There is, however, some evi- 
dence (6) to indicate that a reversal 
of some factor in heat and chlorine 
treated bacteria can occur. 


Current Concepts of Toxicity 


Various workers have developed dif- 
ferent ideas as to how destructive 
forces interfere with or change the 
normal cellular physiology. Seifritz 
(19), by observing the naked proto- 
plasm of the Myoxomycetae, shows that 
toxicity is correlated with degree of 
rigidity of the protoplasmie gel, but it 
is not quite clear whether gelation is 
a symptom or a cause of the toxic 
mechanism. Robinson (15) emphasizes 
the importance of the cell membrane 
(interface of protoplasm and environ- 
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ment) in maintaining a higher salt con- 
centration within the cell than is usu- 
ally present in its environment; toxic 
substances interfere with the mecha- 
nism of actively removing water from 
within the cell and, thus, the assimila- 
tion of food. Green (5) realizes the 
importance of specific enzymes in un- 
derstanding disinfection by chlorine ; 
but the question arises whether the 
sulfhydryl! of aldoase will be as vulner- 
able and specific to the mereurie ion 
as it is to chlorine. 

Actually these concepts are not 
necessarily exclusive, but may indicate 
different approaches to the same prob- 
lem. Seifritz (19) used a microscope 
and observed changes in the rate of 
flow in a protoplasmic mass and was 
particularly interested in the effect of 
anaesthetics. Other observations by 
Seifritz (20) have yielded lists of ca- 
tions which indicate their relative tox- 
icity. His explanations of the relative 
toxicity through ion hydration and 
valence have been questioned by Shaw 
(21) and Hurd-Karrar (7). Shaw be- 
lieves that the relative degree of lethal- 
ity of the toxic cations can be explained 
by the solubility product of the cation 
with sulfhydryl radicals of the proto 
plasm plus the state of well-being of 
the organism. Hurd-Karrar empha- 
sizes that some of the ions behave as 
antimetabolites and that ion hydration 
and valence would have little bearing 
in explaining their relative toxicity to 
other toxie ions. 

By studying the concept of active 
water transport as reviewed by Robin 
son (15) one can see the cell through 
the over-all chemical changes on the 
outside of the cell. It would seem that 
it provides an indication, without de- 
fining the cause or effect, of the ob- 
served changes in the physical char 
acter of the protoplasm described by 
Seifritz (19). It appears easier to 
study the concept of the factors con 
trolling active water transport rather 
than direct microscopic observation of 
the physiological state; and certainly 
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for bacterial cells no direct microscopic 
observations of the protoplasm are yet 
possible, 

The information which shows exact 
enzyme damage, resulting from a par- 
not de- 
cribe the general changes taking place 
as the result of the loss of the enzyme 
Thus, it might be said that 


function 
chloride brings about a loss 


ticular toxic substance, does 


mercuric 
in the production of energy by block 
ing aldoase and that the loss of energy 
result 
internal 


in an eventual loss of the proper 
salt concentration, which may 
in turn control gelation. 


the 


is caused 


Hurd-Karrer (7) indicates that 


toxicity of substances 
by the a test wheat plant 


to differentiate between a necessary ion 


inability of 


and its next higher related counterpart 
Thus, 
the plant which is fed strontium will 
tend to this 
when it needs caleium 


in the pel iodie table of elements. 


use element where and 


providing no 
calcium is available. The strontium in 
this 


metabolite 


situation is known as an anti- 


because it is 
the 
time it is different and cannot actually 


while at 


similar to caleium, same 
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also true for 
arsenate and 
phosphate, and selenate and sulfate. 
This type of toxicity is similar to the 
effect of sulfa drugs in the treatment 


This is 
rubidium and potassium, 


replace calcium. 


of disease caused by gram-positive 
pathogenic organisms which need p- 
amino-benzoie acid in their diet. In 
the absence of the normal metabolite 


the sulfa is toxie 


Data from Literature 


Figure 1 shows the relationship be- 
the mercuric 
chloride and the percentage of 5-day 


tween concentration of 
3.0.D. exerted by the sewage inoculum. 
At the low mereuric chloride concen- 
trations, the toxicity is 
slight in relation to the rate of inerease 


increase in 


in toxicity at the high mercury concen- 
should be noted that the 
slope of the curve of toxicity against 


trations It 


for the chromate is the 
same as the slope of the curve for the 
low 


concentration 
ion concentration and, 
further, that the slope of the curve of 
the toxicity for 
the chromic ion is the same as the slope 


mercuric 


versus concentration 
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-—Average values of 58 individual runs comparing the B.O.D. of sewage alone 


and sewage with various amounts of mercuric chloride, and of 20 runs comparing sewage 
alone and sewage with various amounts of chromium in the form of chromic sulfate and 


sodium chromate. (From reference (9).) 
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of the curve for the high mereurie ion 
concentration. It is pertinent to ask 
whether the slope of the curve is de- 
pendent upon the number of enzymes 
or enzyme-system pathways that are 
blocked by the specific ion. This speeu- 
lation would indicate that the mercury 
takes out one enzyme or system below 
the break in the curve and two enzymes 
or enzyme systems beyond the break 
in the curve. There is also the possi- 
bility that the mereury in the low 
concentration range is affecting only 
the permeability of the cell membrane, 
whereas the higher concentration would 
indicate a second point of attack, pos- 
sibly the cell interior or enzyme in the 
cell interior. The last hypothesis 
should be amenable to experimental 
verification ; specifically, a 12 per cent 
reduction in the B.O.D. by the dilution 
technique will require 120 molecules 
mercuric chloride per volume of a bac- 
terium (2-« diameter sphere) or 40 
molecules in a 0.1-p thick layer out- 
side the 2-» sphere. Further, it will 
require 2,400 molecules of copper (per 
2- sphere) and 46,000 (per 2-» sphere ) 
molecules of chromium for a 12 per 
cent reduction in B.O.D. 


Relative Values 


There are many factors affecting tox- 
icity. A particular toxie substance has 
a specific toxicity for a given set of 
conditions, but the alteration of any 
one condition can greatly affect the 
apparent toxicity. Under conditions 
which are as nearly comparable as pos- 
sible, 1.0 p.p.m. of each of the follow- 
ing will cause a given percentage re- 
duction in oxygen utilization in a dilu- 
tion B.O.D. test: 


Reduction 


Toxic Agent (%) 
Mercuric chloride 80 
Chromic sulfate 10 
Sodium chromate 10 
Copper sulfate 39 


However, nothing is known concern- 
ing the effect of the previous environ- 
ment upon these toxicity values, and 
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the fact is known that biological ac- 
commodation to constant but originally 
small amounts of toxie substances can 
occur. Thus, many different biologi- 
cal forms can eventually accommodate 
large amounts of arsenic or methy! alco- 
hol. Phenol is destroyed on trickling 
filters by biological oxidation when the 
fluctuations in concentration are not 
excessive and the initial dose is small. 


Food Concentration 


Further, the toxicity of mercury, 
chromium, and copper is markedly 
changed by increasing the food con- 
centration where the oxygen utilization 
is measured by a direct-reading ma- 
nometer. Thus, it has been shown (8) 
that at 1,000 p.p.m. B.O.D., 20 p.p.m. 
of chromium are needed to give a 10 
per cent depression in the oxygen 
utilization. In general, the nature of 
the food added is not important in 
determining toxic effect of chromium 
expressed as the percentage reduction 
in the respiration rate of the bacteria, 
Thus, the amount and percentage of 
reduction in B.O.D. remains the same 
whether the added food is glucose or 
peptone, Similar data were found for 
sugar and methionine when tested with 
chromate under anaerobie conditions 
for utilizing nitrate oxygen. 


Ionic Environment 


The inorganic environment can also 
markedly affect the toxicity of a par 
ticular ion. Thus, the toxicity of 
strontium can be reduced by the in 
troduction of the calcium ion which is 
normal to the organism (7). The ratio 
of the concentration of potassium to 
rubidium is also important in deter 
mining the toxicity of the rubidium. 
This is also true for reducing the tox- 
icity of selenium by sulfur and of 
arsenate by phosphate. 


The toxie effect of many substances 
results in an increased permeability of 
the cell membrane (15)(18). Thus, 
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the osmotic pressure of the environ- 
ment, in relation to the internal salt 
concentration, can cause some changes 
in the energy requirements of an or- 
ganism. Further, the metabolism of 
some organs or cells is markedly af 
fected by the presence or absence of a 
certain ion, or a pair of ions, or the 
ratio of the concentration of each in a 
pair of ions. Thus, a physiologically 
balanced saline solution (such as a di 
lute sea water) will permit a higher 
metabolic rate at a given osmotic pres 
sure and food concentration than is 
possible with the same osmotic pressure 
from any one salt. This would yield 
a different perecentage-wise effect of a 
toxic ion, depending upon the ionic 
environment 


Internal Ionic Concentration 


As Sawyer (17) points out, the con 
centration of a particular ion in the 
environment may limit the concentra 
tion of the toxic ion or substance that 
is to be studied. Thus, at pH 7.0, only 
2 p.p.m. of copper can be dissolved in 
the dilution water recommended by 
‘‘Standard Methods’’ (24). By redue- 
ing the pH to 6.5, 10 p.p.m. copper can 
be used in the phosphate concentration 
of the dilution water. The lower pH, 
however, gives slightly higher toxicity 
values to all copper concentrations 

Is it possible that the solubility con 
stant of the copper and phosphate ions 
may be exceeded inside the cell and 
may account for part of the toxic re- 
action? This may be partially an- 
swered in the negative and positive by 
realizing that copper chelated by cit 
rate (4) or lignin (11) is just as ef 
fective in controlling algae as the free 
copper ion whereas, on the other hand, 
the chelated copper is not toxie toward 
fish. Thus, Cuprose (euprie citrate) 
according to Black (1) is effective in 
controlling algae at Marineland, Fla., 
while it does not kill fish which are 


sensitive to the same concentration of 


the free ion. 
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Type of Organism 


The nature of the plant organism 
itself may have some bearing on the 
toxicity of an ion. Nitrification is re 
ported by Placak (12) and Jenkins 
(10) as preferentially depressed by 
chromate in the trickling filter, the 
activated-sludge process, and the B.O.D. 
test. Stone (22), on the other hand, 
reports that autotrophic nitrifying or- 
ganisms are less affected by chromate 
than are the heterotrophic organisms 
The literature is far from clear on this 
point. There is evidence from Fitz- 
gerald (3) that autotrophic algae are 
less affected by a given concentration 
of toxie substance when the inorganic 
ion environment was more favorable 
for their growth. Thus, the relative 
toxicity of a given substance will de 
pend upon the relative degree to which 
the environment would otherwise stimu- 
late the organism 

Temperature is also important in 
controlling the percentage reduction of 
the metabolie rate by a given amount 
of mereuric ion. From the fact that 
many chemicals have negative tem 
perature coefficients (like mercuric 
chloride), as shown by Van Esseltine 
(23), it is suspected that the other 
chemicals will show a percentage tox 
icity depending upon the proximity 
of the temperature to the optimum 
value. It is known, however, that sulfa 
drugs or antimetabolites become more 
effective as the temperature rises. This 
may mean that rubidium toxicity would 
increase with more favorable tempera 
tures and with the degree of other 
favorable circumstances in the environ 
ment, except potassium 


Toxic Limits 


What concentration of toxic matter 
can be tolerated? If an answer must 
be given to the question, then the fol 
lowing data must also be known: 


1. Temperature of mixture 
2. Food concentration. 
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3. Inorganic ions—concentration and 
identity. 

4. Nature and identity of the organ- 
ism in the mixture. 

5. Previous environment of the or- 
ganism, 


Some (22) have concluded that the 
only effect of food in the environment 
is the chelation or reduction in effective 
concentration of the toxic ion. This 
ean be understood for the mercuric and 
chromic ions with proteinaceous food, 
but would it also hold for the chromate 
anion in the presence of sugar? I do 
not believe that sugar chelates chro- 
mate, but possibly this question can 
be answered with a biologically inert 
(stereoisomeric sugar) food in a me- 
dium instead of and along with the 
normal food (mannose compared with 
glucose for certain organisms). 

It is my firm conviction that the ob- 
servation of Fitzgerald (3) concern- 
ing algae is applicable to all simple 
organisms for many toxic substances. 
Thus, heterotrophic organisms are less 
affected percentage-wise by a given 
amount of certain toxie substances as 
the food concentration and other fac- 
tors in the environment favorable to 
the organism are increased. However, 
the toxicity of cer: ‘n antimetabo- 
lites may be increased in proportion to 
the increase in other favorable factors 
in the environment, except the one fac- 
tor for which the antimetabolite sub- 
stitutes, and when this factor is con- 
sidered, then the generalization holds 
true. 


Reduction of Toxicity 


What can be done to alleviate the 
effect of toxic matter discharged to a 
sewage treatment plant? It is expected 
that removal of the toxic substance is 
an obvious and a good solution, but 
if arsenate is added to a sewer possibly 
an amount of phosphate four times the 
amount of arsenate can be added. This 
has been shown as a possible solution 
for reducing the toxicity of arsenate 
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to wheat (7), but it is not known 
whether it will work for sewage treat- 
ment. 

Rubidium is not common to indus- 
trial wastes, but strontium and selenium 
occur in some natural waters and may 
be found in a few wastes. Of course, 
rubidium may have an industrial ap- 
plication and, thus, may appear in an 
industrial waste at any time. Caleium 
is common enough in water that 
strontium toxicity may not be known 
because of the interrelationship of this 
pair. This may also be true for 
selenium and sulfur. 

The general addition of salts to give 
an osmotic pressure more nearly equal 
to the internal saline concentration 
might be considered when ocean water 
is available for dilution in the sewage. 
This sort of suggestion would be pos- 
sible for slugs, but would hardly seem 
wise for continuous additions, although 
it might prove economical under cer- 
tain conditions. It would certainly 
seem worth study. 

Should an increase in food concen 
tration to a sewage treatment unit be 
considered? Hardly, for this would 
seem to defeat the whole purpose of 
treatment. It would be expensive and 
would throw other operating factors 
out of balance. 

Can the temperature be increased? 
For the sludge digestion tank, the use 
of higher temperatures may be pos 
sible, but the general use of higher 
temperatures for an economical solu 
tion to sewage treatment itself hardly 
seems possible 


Cyanide 


No mention of cyanides has been 
made thus far. The action of cyanides 
is so specific in knocking out the en 
zyme activity of the phorphorin-iron- 
bearing enzyme group that the cyanides 
are more nearly disinfectants than 
toxic materials under aerobic condi- 
tions. Nevertheless, some of the an- 
aerobic processes continue in the pres- 
ence of cyanides, so that those bacteria 


a 
op 
i 
* 
2 > 
4 
| 
= 
4, 


32 SEWAGE AND INDUSTRIAL WASTES 


apable of yvrowing anaerobically con 


nue to vrow, while the strict aerobes 
need be 

onditions the phorphorin-iron 
inactive, so 30 


as shown by 


must dormant Under an- 


yroup ol 
p.p.m Ridenour 
14), can be tolerated readily in a di- 


enzymes are 
evanide 
gestion tank, but at this concentration 
the supernatant liquid could be toxic 
or disinfectant to the aerobic treatment 


unit Hlowever read 


! 


cyanide can be 


ily destroyed in sewage treatment by 
the addition of 
vith 


the eyanide 


iron or by oxidation 
high pH 


in low concentrations can 


chlorine at Further, 


apparently be oxidized biologically 


Higher Animals 


A discussion of the 
to fish must needs 


yeneral factors 
urrounding toxicity 
be brief, for many of the variables that 
uvironment of micro 
tolerated by fish 


concentration of the 


can occur in the « 
organisms cannot be 
Thus, the food 
fish cannot be increased a 
food itself 
living 
D.O, in the 


inh 


suddenly 
without the 


of the microor: 


thousand-fold 


thereon 


using all of the stream 


Sudden osmotic pressure 


are also difficult for some fish, although 


others (such as cels, shad, and salmon 


normally migrate from one salt con 


centration to another, from ocean at 


33,000 p.p.m. salt to a mountain stream 


of 20 p.p.m. salt 

The deto 
fish must also be 
with the gen: 
ive mechanisms of an 
llowever, the 
defense by 
of poliomyelitis on the one hand and 


sification mechanism of the 
considered, along 
ral condition and defen 
individual 
degree of success in the 


humans against the virus 
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the bacterium of tuberculosis on the 
hand 
upon two diametrically 
tors, The 


is best in a body that is well nourished 


other is apparently dependent 
opposed fac 


defense against tuberculosis 


and rested, whereas the virus of polio 
myelitis is apparently more successful 
under the Thus, until 


the mechanism of toxicity of a particu 


same conditions 


Is known 
factors which will affect the toxicity of 
a substance 


lar substance against fish 


must be determined em 
pirically 

As a general thing, however, it would 
he expected that a 


toxie 


amount of 
fish 
factor in the en- 
optimum, 
providing the fish has not just experi- 


given 


substance will cause least 


damage when each 


vironment is most nearly 


enced a period of extreme fatigue (18 


Summary 


A brief discussion of the many fae 
tors which affect the toxicity of a given 
There 
are, in general, two types of toxic sub 
those 


substance has been presented. 


similar to 
normal cell constituents and are called 


stances which are 
which are 
With 
which are 


and those 


foreign to biological life 


antimetabolites 
those 
toxic substances foreign 
matter, the percentage reduction in the 
metabolic rate is progressively greater 
as the other factors in the environment 
favorable for 


less 


become 
Wit 


age reduction in the metabolic rate will 


growth 


the antimetabolites, the percent 


be larger in the absence of the normal 


corresponding substance where the 
other environmental factors approach 


the optimum values 
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AVAILABILITY OF NITROGEN IN SEWAGE SLUDGES 


sy J. 


STEPHENSON 


Chemical Branch, Public Health Department, London County Council, London, England 


Sewage sludges have been used as 
fertilizers for many years. Much of 
the information coneerning their use 
has been summed up in a mannal (1 
published by the Federation of Sew 
age Works Associations. During the 
World War II, the supply of ferti 
lizers in Great Britain became of in 
ereased importance and further work 
was carried out by Crowther and 
sunting (2 

On the whole, less attention has been 
paid to the use of activated sludge 
alone than to digested sludge and raw 
primary sludge. This may be due to 
the greater difficulty of drying acti 
vated sludge in bulk, although some 
observers have reeognized the su- 
periority of activated sludge as a ferti 
lizer over other sewage = sludges 
Higher quality effluents will be de 
manded during the next few years; 
therefore, more sewage works will be 
built and existing ones improved. As 
the activated sludge process is likely 
to be used in the larger works, it may 
reasonably be expected that consider 
able quantities of surplus activated 
sludge will become available which, 
when dried, would contain 6 to 8 per 
cent nitrogen and phosphate equiva 
lent to 3 to 4 per cent of P,O,. At 
the Northern Outfall Works of the 
London County Couneil it is consid 
ered probable that, when the addi 
tional plant now under construction is 
completed, the equivalent of 2,000 tons 
of surplus activated sludge containing 
} per cent dry solids will be produced 
daily. At the Southern Outfall Works 
about half this quantity is likely to 
be produced. The London County 
Council has developed a process (3) 


for sludge freezing with added chemi 
cals by which activated sludge can be 
dried efficiently, but one of the major 
factors governing the economic success 
of the process is the price obtainabl: 
for the finished produet 

Although there is no doubt that pro- 
longed field or pot tests would be the 
best way of establishing the value of 
activated sludge as a high-grade ferti 
lizer, the tests would have to be ex 
tensive and would take several years 
to complete. The fact that a material 
contains a certain percentage of nitro 
gen does not indicate whether such a 
material would be of value as a ferti 
lizer. Much depends on whether the 
nitrogen is in a form which would be 
converted to ammonia or nitrate in the 
soil and so made available to piants. 

The availability of the nitrogen in a 
sludge is, therefore, a major factor af 
fecting its value as a fertilizer. For 
this reason, the methods of estimating 
it recently put forward by Hamence 
(4)(5) have been studied with interest 
Owen, Rogers, and Winsor (6) have 
worked independently along the same 
lines as Hamence and, in the main, 
their conclusions agree. The results 
given herein have been obtained by 
using the two methods put forward by 
Hamence, by which it is claimed that 
a definite figure can be given for the 
availability of nitrogen in a fertilizer 


First Method 


In the method originally formulated 
by Hamence (4), a small quantity of 
the fertilizer, sufficient to provide 14 
mg. N, is ineubated at 22° to 23° C. 


with 200 g. of soil containing 20 per 
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TABLE I.—Soil from Epping Upland, Essex; 14 Mg. Nitrogen Added 


Nitrogen (mg.) 


| | 6 Days 12 Days 18 Days | 72 Days | 100 Days 
Sol | o) 
Total | Avail Total | Avail Total Avail | Total | Avail Total | Avail 
Blank 92} — | 94 - | — | 150] — | 130) — 
Dried blood 112.90; 88 —0.4} 12.1 2.7| 14.8 43.0 22.1 7a 15.8 28 
\ctivated sl. | 6.16] 9.4 0.2) 13.1 3.7| 14.6 2.8| 22.0) 7.0 | 15.6 26 
Activated sl 5.67| 9.8 | 0.6] 15.2 5.8| 14.5 | 2.7] 222] 7.2 | 15.9 2.9 
Digested sl | 2.45| 8.7 |-0.5| 144 | 50] 142 | 24] 230] 80 | 158] 28 
Digested | 3.08} 8.7 | -0.5| 12.5 3.1] 13.7 | 1.9] 228] 78 | 15.6 2.6 
Raw sludge 2.66} 9.2 | 0.0) 88 | — 16 | 10.3 | -1.5| 164] 14 | 12.9 | -0.1 
| 


Containing | per cent Al. 


cent moisture and 0.1 g. of additional 
calcium earbonate. These conditions 
are regarded as giving the maximum 
nitrification and the nitrate formed is 
compared with that produeed from 
dried blood under identical conditions, 
the availability of the nitrogen in dried 
blood being used as a standard of 100. 
The following modifications of the 
original method were used and were 
either suggested or agreed to by 
Hamence (7): 


1. The amount of calcium carbonate 
used was increased from 0.1 to 0.2 g. 

2.0.5 ml. aluminum sulfate (62.5 
per cent w/v) * was used, instead of 
0.5 g. sodium sulfate, as the final co- 
agulating agent. 

3. The amount of water used to ex- 
tract the 25-g. sample of soil after 
incubation was 75 ml. instead of 40 


"Grams per 100 mi, 


ml This larger quantity of water 
enabled sufficient clear supernatant 
liquor to be obtained for a 40-ml. por- 
tion to be withdrawn without the 
use of a centrifuge. This 40-ml. por 
tion contained one-half of the nitrate, 
for it should be noted that 5 ml. of 
water were present in the soil sample 


Small portions of the liquor also 
were tested for ammonia and nitrite. 
The nitrate was estimated after reduc 
tion to ammonia by Devarda’s alloy. 


Results 


Some of the soils used for the pre 
liminary experiments gave erratic re- 
sults and poor conversion to nitrate 
Ammonia and nitrite were present in 
considerable quantities in a few cases 
after 7 and 14 days. The choice of 
soil is, therefore, important and it was 
found that the best results were ob 


TABLE II. Soil from Spalding, Lincolnshire; 14 Mg. Nitrogen Added 


Nitrogen (mg 


lertilhzer Added to Soil N (%) 7 Days i4 Days 21 Days 
| 
j } 
| Total Avail Total | Avail Total Avail. 
| | 
Blank 14.0 | 149 17.1 
Dried blood 12.90 18.0 40 | 227 | 78 5 | 64 
Activated s! 5.67 18.1 4.1 21.7 6.8 21 | 4.3 
Digested sl | 2.45 14.5 05 | 166 | 1.7 | —03 
Raw sludge | 2.66 11.6 | —2.4 | 12.6 ~2.3 15.5 ~16 
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TABLE III.--Greenhouse Soil; Spring, 1953 


ay 


Nitrate Nitrogen (mg 
Com position 


7 Days 


14 Days 21 Days | 28 Days 35 Days | 42 Days 


Total) Avail vail.) Total) Avail 


' Coagulated by freezing with alumino-ferric and filtered before air drying 


tained from soils which were in good in 18 days and, as pointed out by 


condition or ‘‘good heart’? and which Hamence (4), was unreliable owing to 
permitted the formation of friable the poor conversion of the nitrogen in 
crumbs about 1/8 to 3/16 in. in siz the dried blood 

vhen the water content was adjusted The soil used for the work in Table 
to 20 per cent. I] was in very ‘‘good heart’’ and was 
taken from an arable field near Spald 
accompanying tables. Those in Table ing, Lincolnshire. It was probably 
| were produced by a meadow loam one of the most fertile fields in Eng 
‘rom Epping Upland in Essex. The land and nitrate was produced rapidl) 
test was continued for 100 days owing from dried blood 
to the small amount of nitrate formed — sludge. 


he values obtained are given in the 


and from activated 
The nitrate maximum was at 


TABLE IV.—Garden Soil from Worthing; Autumn, 1953 


Nitrate Nitrogen (mg.) 


‘omposition 


21 Days | 28 Days 42 Days 


| Total 
| 


2.15 


' Coagulated by freezing with alumino-ferric and filtered before air drving 


; 
36 
to Boi | | j 
Lows | 
| on Kjel.| | 
Igni N Total) Avail.| Total! Avail.) Total) Avail.| 
tion (%) | | 
(%) | 
a Blank 94 11 | 10.2 # 12.8 | 13.2 14.5 | 
Dried blood 13.65) 12.4 49 |158) 56 16.2 34/210] 78 | 23.0] 8.5 
Activated 78.8 6.02) 14.0 46) 15.4 $0 |} 141] 39 15.9 3.1: 218 19.5 5.0 
Digested 18.6 2.54| 10.8 14/148] 32 1118] 16 | 118 1.0] 176| 44 | 18.2] 3.7 
bar Raw sludge 69.0 4.24) 10.1 0.7 | 12.5 09 12.5 2.3 13.4 0.6} 17.2 10 16.2 1.7 
eS Hlank 99 11.3 106 122 12.0 13.9 : 
tivated sl 79.1 12.7| 281170] 5.7 11531] 4.7 |164 4211661 46 | 18.6| 47 
Ne lig 62.3 $15) 9.7 0.2) 144 1 |139] 33 | 144 22\134| 14 1145] 06 
Digested 18.6 2.66) 10.6 0.7) 15.0 7 40 | 143 2.1) 144] 24 | 158] 1.9 
| | 
| 
aa 
Dy 
ae 7 Days 14 Da 4 
| | 
on | Kje | 
Igni- | N | Total! Avail.| Total) Avail.| Total) Ava Total| Ava 
tion | ( 
P 
Blank | | } 12.1 | 12.0 148 16.7 
Hla 2 | 12.3 11.0 15.5 | 16.3 
Average 12.2 15.15 16.5 
Dried blood | 13.65] 16.3 19.2 | 25.4 }222 — | 23.2 26.8 
Dried blood | | 13.65) 16.0 17.2 21.4 121.3 | 23:9 26.6 
Average 16.15) 3.95] 18.2 6.7 | 24.75) 9.6 | 21.75) 74) 23.55) 8.65) 26.7 | 10.2 
Activated sl. | 70.1 | 6.411169 | 17.6 | 121.4 19.8 20.7 | | 24.9 
Activated 2.) 79.1 6.41) 17.2 116.8 121.9 20.7 21.8 | | 24.8 
Average | 117.05) 4.85) 17.2 5.7 21.65) 6.5 | 20.25) 59) 21.25| 6.35) 24.85) 8.35 
Digested al. 1 | 58.6 | 2.54) 13.0 12.3 16.8 15.2 16.8 119.3 
Digested al. 2! | 58.6 | 2.54) 12.7 | 11.9 17.3 16.5 17.3 | 19.6 
Average | 12.85] 0.65) 12.1 0.6 | 17.05 1.9 | 15.85 1.5117.05| 2.15) 19.45| 2.95 
Raw sludge 69.0 | 3.24] 86 . 78 | 12.4 | 11.0 | 15.2 16.7 - 
2 Raw sludge 2 60.0 | 3.24) 9.1 | 7.8 | 13.6 - 1129 | 14.5 16.9 | 34 
Average | 8.85) —-3.35) 7.8 113.0 | 11.95) —2.4] 14.8 0.05) 16.8 | 0.3 
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14 days, when the conversion of the 
nitrogen in dried blood was 56 per 
cent, that in activated sludge 49 per 
cent, and that in digested sludge 12 
per cent. The raw sludge had a nega- 
tive value, having taken up the equiva- 
lent of 16 per cent of nitrogen from 
the soil. 

Table IIL shows the results obtained 
from five different sludges after ad- 
dition to a fertile greenhouse soil, which 
was then examined regularly for 42 
days. The sludges used in all this 
work were dried in a current of air 
without heat and without other treat- 
ment, except in the case of one acti- 
vated and one digested sludge. These 
two exceptions were frozen with 
alumino-ferric, giving a concentration 
of 1 per cent Al ion in each case on 
a dried solid basis, and were then 
thawed, filtered, and air dried. 

Table LV gives values obtained from 


10 


a 


Nitrogen, 


LS) 


Nitrote 
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three sludges and dried blood when 
mixed with a garden soil from Worth- 
ing, Sussex. Each experiment was car- 
ried out in duplicate and two blank 
portions of soil were also used as a 
control. These results, shown graphi- 
cally in Figure 1, were more regular 
than any obtained previously and 
reasonably close agreement was ob 
tained with each pair of determinations 
of nitrate nitrogen. No trace of ni 
trite or ammonia was found in any 
sample at any time. Even so, the 
nitrate nitrogen in the blank sample 
did not increase steadily and in all 
samples a marked fall was observed at 
28 days. The nitrate nitrogen in- 
creased in all samples at 35 days and 
again at 42 days. It is interesting to 
note that at 7 days about 28 per cent 
of the nitrogen in dried blood was 
available and 35 per cent from the 
activated sludge. The raw (erude) 


° 7 14 2! 


28 35 42 Doys 


FIGURE 1.—Availability of nitrogen in sewage sludges. 
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sludge gave a negative figure until 42 
days, when only 2 per cent of the 
nitrogen had become available. Other 


comparisons are as follows: 


Nitrogen Availability 


Available (% 


| | | 
21 | 42 | 21 
days | days | days | day 
| 
Dried blood | 69 | 74 
Activated sludge | 47 Oo | 68 R2 
Digested sludge | 14] 21 | 20] 27 
Raw sludge 15 | 
| 


Dried blood 100 per cent 


These tests clearly establish the 
marked superiority of activated sludge 
compared with other sewage sludges as 
regards nitrogen availability. 

The behavior of activated sludge in 
this way is, no doubt, due to its high 


protein content 


Second Method—Pepsin Test 


As the soil test for fertilizers takes 
at least three weeks, a second method 
which is more rapid has been described 
hy Hamence (5). He has now (7) 
modified this pepsin digestibility 


method to a procedure as follows: 
1 gv. of the fertilizer is incubated at 


37° (©, for 2 days with 50 ml. of a 1 


per cent solution of pepsin in 0.3 per 


cent w/v hydrochlorie acid The in 


oluble matter is filtered off, washed 


TABLE V.— Pepsin Digestibility Test 


Nitrogen (me 
bertilizer N 
| 

Dried blood 13.65} 136 4.2 | 132.3 | 
Activated sl 6.16) 61.6) 22.4 38.7 66 
Activated sl. | 6.86] 68.6] 21.8 | 46.8| 68 
Digested sl 2.45) 24 5| 18.7 5.8 | 24 
Digested sl | 3.08) 30.8) 19.6 11.2) 36 
Raw sludge 2.66) 26.6) 16.9 9.7) 36 
4) 50 


Raw sludge | 3.08 soe 15.4 15 
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well with water, and the nitrogen de- 
termined in the insoluble matter re- 
maining on the filter paper. 

The results obtained with six sludges 
and dried blood are given in Table V. 
The pepsin test does not show that the 
nitrogen in digested sludge is more 
available than that in raw sludge, Al- 
though the test cannot give a negative 
value, which is known to oceur in 
some cases, the positive values obtained 
for raw sludge appear to be larger than 
and those for activated sludge less 
than, those obtained by the first 
method. 


Summary and Conclusions 


Laboratory soil tests with sewage 
sludges and dried blood have shown 
that nitrate is formed much more read 
ily from activated sludge than from 
other sludges. In this respect, acti 
vated sludge compares with dried blood 
and ean, therefore, be regarded as a 
high-grade fertilizer. 

The pepsin test is considered to be 
less satisfactory than the soil test for 
use with sewage sludges, but clearly 
demonstrates the superiority of acti- 
vated sludge. 

Raw primary sludge was usually 
found to take up nitrate from the 
various soils employed in the test for 
at least 21 days. 

The choice of a suitable soil for these 
tests appears to be an essential factor 
in avoiding erratic results, but a de 
crease of nitrate nitrogen is to be ex 
pected at 28 days when using this 
method 

Since the superiority of activated 
sludge has been demonstrated by the 
study of the availability of nitrogen, 
its phosphate availability might be 
studied with advantage. 
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Expansion and reorganization of the 
Commissioned Reserve of the USPHS 
as part of an intensified civil defense 
program in the Service was recently 
announced by Surgeon General Leon- 
ard A. Scheele. The new program calls 
for recruitment of an additional 5,000 
Reserve Corps officers by June 30, 
1956, with 2,000 of that number being 
commissioned by June 30, 1955. 

In addition to building up the 
Commissioned Reserve to emergency 
strength in line with expanded civil 
defense responsibilities, the Service is 
stepping up research in disaster health 
problems and is developing a program 
to reinforce state and local health de- 
partments in time of national crisis 

The Service has two fundamental ob- 
jectives in strengthening the Commis- 
sioned Reserve. The first of these is 
effective emergency utilization of pro- 
fessional personnel with training and 
experience in public health; the second, 
augmenting of these forces with phy- 
sicians and other professional people 
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not normally working in the field of 
public health. Ultimate objective of 
the plan, according to Dr. Scheele, is 
the creation of a pool of trained phy 
siclans, sanitary engineers, nurses, and 
associated professional health person 
nel who can be immediately mobilized 
and selectively deployed to reinforee 
state and local health forces in times 
of emergency. 

As the expansion gets under way, 
field training courses will be instituted 
for both present officers of the corps 
and newly recruited officers. Initial 
emphasis will be on the recruitment 
and training of physicians, nurses, and 
sanitary engineers. 

Inquiries concerning commissions in 
the Inactive Reserve should be ad 
dressed to the Surgeon General, Public 
Health Service (P), U. 8. Dept. of 
Health, Education and Welfare, Wash 
ington 25, D. C., or to the nearest 
regional office of the Public Health 
Service. 
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ACCEPTABILITY OF INDUSTRIAL WASTES IN 
PUBLIC SEWERS * 


By Aurrep A. 


Respectively, Vice-President, Albright and Friel, Inc.; 
Health ; 
Philadelphia, Pa. 


Pennsylvania Department of 

Warner Co., 

This paper is presented as a guide 
for sewage plant operators in the mat 
wastes 


ter of discharge of industrial 


to public sanitary sewer systems. 
[t is important that municipalities 
cooperate with industry that all 


into a 


and 


wastes that can be accepted 
sewer system and sewage plant should 
be taken in if the plant is of sufficient 
capacity and can suecessfully treat the 
waste, On the other hand, it is equally 
that industry be 


recognize its responsibility in the mat 


important made to 


ter of industrial waste discharges and 


treatment. 


Estrapa, Greorce A. 


AND J. WIEst 


Regional Sanitary Engineer, 
and Technical Director, 


available (1) 
waste and its 


Numerous data are 


dealing with industrial 
discharge to a municipal sewer system 
however, that no set 


It is apparent 


rules can be established for the ac- 


ceptability of industrial waste. There 
fore, this paper is only presented as a 
general guide 
factors that 


into consideration and also includes a 


To this end the paper 


outlines should be taken 
suggested method of admittance and/ 
or regulation of industrial waste into 


a sanitary sewer system. 


I. FACTORS IN ACCEPTABILITY OF INDUSTRIAL WASTE 


factors which in 


There are 


many 


fluence the acceptability of industrial 


waste in publi Some 
of the 


rize d iis 


sewer systems 


major factors can be summa 


follows 


1. Type of sewage treatment works 
2. Size of the 


its downstream use 


receiving stream and 
3. Quantity of waste and its relation 
to the size of the 


works 


sewage treatment 
41. Type of waste and its amenability 
to treatment 
5. Type of pretreatment. 
* Presented at 1954 Annual Meeting, Penn 


svyivania Sewage and Industrial Wastes Assn 
August 25-27, 1954 


state 


Colle ge, Pa 


Sewage Treatment Works 


The type of sewage plant and the 
degree of treatment which the plant 
affords part in de- 


ciding on the acceptability of the dis- 


play a material 


charge of industrial wastes. The most 
common type of sewage plants can be 
generally broken down into the follow 


ing broad classifications 


1. Primary treatment plants. 


) 


2. Intermediate plants 


treat- 


treatment 


utilizing biological or chemical 
ment 
3. Secondary treatment plants uti- 


filters for 


processes 


lizing standard biological 


oxidation 
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4. Secondary treatment plants uti- 
lizing high-rate filters for biological 
oxidation. 

5. Secondary treatment plants uti- 
lizing the activated sludge process for 
biological oxidation 


The order in 
plants are set forth 
cates the degree of their ability to 
accept any industrial waste 
when all other factors are considered 
equal. Inasmuch as primary plants 
employing only sedimentation remove 
a limited portion of suspended solids 
and B.O.D., but no dissolved solids, 
they will not be affected by many in- 
dustrial wastes, since a large portion 
of dissolved organic and mineral mat- 


these 
generally indi- 


which sewage 


specifie 


ter is not removed and will be dis- 
charged to the receiving stream, 


thereby having a minimum of effect 
on the operation of the primary plant. 
On the other hand, a plant employing 
biological secondary treatment could 
be adversely affected by an industrial 
waste, of biological 
treatment may be inhibited by the dis- 
charge of toxic substances in a waste, 


since processes 


as well as by the discharge of a waste 
which is not as amenable to treatment 
as sanitary sewage. Sewage treatment 
works employing either standard fil- 
ters or high-rate filters when subjected 
to a shock loading of industrial wastes 
will recover much quicker than a plant 
employing activated sludge. 

There may be times, however, when 
the preceding order of secondary treat- 
ment plants might be reversed, es- 
pecially when the amenability to treat- 
ment of a specific waste will be 
better in an activated 
sludge plant than in a trickling filter 
plant. 

The type of sludge treatment could 
also play a part in deciding the ae- 
ceptability of an industrial waste. As 
an example, primary treatment plants 
employing incineration of raw sludge 
will be able to accept metallurgical 
wastes in larger concentrations than 
plants employing 


considered 


sludge digestion 
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4] 


This is because the accumulative ef 
fect of metals taking place in digestion 
tanks inhibits and retards digestion. 


Size and Use of Receiving Stream 


The size of the receiving stream and 
the stream use can play a material 
part in deciding upon the acceptability 
of an industrial waste. A sewage plant 
which has a water works and/or bath 
ing places downstream would have to 
operate with very close control so that 
the effluent is of a standard good qual- 
ity. With industrial waste of an er 
ratic nature being discharged to a 
treatment plant in this situation, the 
effluent could be materially deterio 
rated at times. It might be conceiv 
able, therefore, that there will be situa 
tions when it would be inadvisable to 
accept industrial waste proposed to be 
discharged to a sewage plant only be 
cause of the presence of a water works 
downstream. 

The 


wastes 


decision 
where 


to accept industrial 
the stream down 
stream requires close control on the 
plant effluent is one which a mu 
nicipality would have to consider very 


use 


carefully because in accepting thi 
waste the municipality would assume 
responsibility for proper treatment 
thereof, 


The size of the receiving stream al 
ways plays a material part in the 
degree of treatment which a plant must 
produce. It is obvious that plants on 
larger streams would usually be able 
to accept larger quantities of industrial 
waste, since the dilution factor on the 
plant effluent will be larger 


Relative Quantity of Waste 


The quantity of waste and its rate 
of discharge will play a material part 
in the acceptability of that waste in 
the treatment plant, since each unit of 
the treatment plant has been designed 
either for certain rates of flow and/or 
certain pollution loading 
istics. 


character 
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It is impractical to specify the 
amount of waste by percentage which 
can be admitted to a public sanitary 
sewer system because this will vary 
with many factors such as are being 
outlined in this paper, and each one 
is a case for separate study. 

As an example, it is conceivable that 
a sewage plant may be able to accept 
up to 10 or 15 per cent of its capacity 
from such organie wastes as fermenta 
tion processes may produce, and yet 
when the loading of these wastes is 
extended beyond some threshold per 
centage, the sewage plant could be ad 
versely affected to a point where it 
would not operate successfully. 
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The size of the sewage treatment 
plant will play a material part in 
the acceptability of industrial wastes. 
This is particularly true in the case 
of very large plants such as those 
serving large cities or metropolitan 
areas. These plants are not apt to be af- 
fected by large quantities of slug dis- 
charges from industrial plants because 
the slug loading from an industry 
could very well be counteracted by the 
shock loading from other industries 
and discharges from industries located 
a reasonable distance from the treat 
ment plant will be ironed out, and di 
luted, by the travel in the sewer sys 
tem, The fact that the plant is ex 


TABLE I.—General Characteristics of Process Wastes and Their Possible Effects 


Process Waste 


Beet sugar 


srine 


Chemical, inorganic 


iemical, organic 


Chemical, pharma 
ceutical 
Coal prepar ition 


Cutting otls 
Dairy products 


Fermentation 
Antibiotics 
Brewing 
Distilling 
Winery 
Yeast 

ood canning 


Pood dehydration 
Garages and filling 
stations 


Gas manufacture 


Meat packing 


on Sewage Treatment Units 


General Characteristics 


Excessive suspended inorganic 
| solids and excessive dissolved 
organic solids 
Iixcessive dissolved inorganic 
solids 
Iixcessive inorganic dissolved 
solids may be toxic and corrosive 


and corrosive 


and corrosive 


“xcessive inorganic suspended 
solids and corrosive 


| Excessive oils, scumming and coat- 

| ing constituents 

| Excessive organic dissolved solids 

| and excessive fats 

Excessive organic suspended and 
dissolved solids! 


| Excessive suspended 
solids, organic suspended and 
dissolved solids and corrosive 

Excessive organic suspended and 
dissolved solids 

| Excessive oils and greases 


“xcessive oils and greases and toxic 


oxcessive organic suspended and 
| dissolved solids and fats and 
greases 


Iixcessive inorganic solids, toxic 


Uxcessive inorganic solids, toxic | 


Sewage Treatment Unite or 
Processes Which May Be 
Adversely Affected 


Grit chamber, settling tanks, bio- 
logical processes, and sludge di 
gestion 

None, within limits 


All biological processes and sludge 
digestion 


All biological processes and sludge 
digestion 

All biological processes and sludge 
digestion 

Grit chambers, settling tanks, and 
sludge digestion 

All treatment units; scum-forming 
and coating possibilities 
Amenable to treatment; biological 
processes and sludge digestion 

All biological processes and sludge 
digestion 


Amenable to treatment; settling 


units, biological processes, and 
sludge digestion 
Settling units, biological processes, 
and sludge digestion 
All treatment units by reason of 
scum-forming constituents 
Settling units, biological processes, 
and sludge digestion 
| Amenable to treatment; settling 
units, biological processes, and 
sludge digestion 
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Process Waste 


Metal fabrication 
Metal heat treating 
| 
Metal plating | Excessive 
Oil refining 


corrosive 


Paint manufacture | Excessive inorganic 


solids 
Paper making 


dissolved solids 


Power laundries 
and fats 


Rayou 


Rubber reclaiming Excessive 


solids 


inorganic 
Rubber, synthetic 


Slaughter-house 


Starch manufacture 


Steel manufacture 


and corrosive 


| 

Pannery | Excessive inorganic suspended 
solids, organic suspended and dis 
| solved solids 

‘Textile | 


| dissolved solids 
Wool scouring 


and fats and greases 


tremely large still does not allow it to 
accept any industrial waste in unlim 
ited quantities, and there are times 
when even large plants are upset by 
the discharge of industrial 
which should have been either 
treated or not discharged at all. 

On the other hand, plants that are 
relatively small can accept only very 
limited quantities of industrial wastes 
and there will be many times when 
an industry, which could discharge 
its waste without any treatment into 
a large city treatment plant, would not 
even be acceptable under any condi- 
tions in a small treatment plant. 

The capacity of a plant, whether it 
be of primary or secondary type, is 


wastes 
pre 


General Characteristics 


Excessive oils and greases 
Excessive toxic materials 


inorganic 
solids and toxic materials 


Excessive organic suspended and 


Excessive organic dissolved solids | 


Excessive dissolved organic solids 


| Excessive organic dissolved solids 


Excessive organic suspended and 
dissolved solids, fats and greases 


Excessive organic dissolved solids 


| 
Excessive dissolved organic solids | $8 


Excessive organic suspended and 


| Excessive organic dissolved solids 


Continued 


Sewage Treatment Units or 
Processes Which May Be 
Adversely Affected 


| Ail units 
Biological processes and sludge di- 
gestion 
Biological processes and sludge di 
| gestion 


dissolved 


| Oils, greases, toxic materials, and | Not amenable to treatment in bio 


logical processes 
suspended Settling units and sludge digestion 


| All biological processes and sludge 
digestion 
Amenable to treatment; biological 
processes and scum-removing 
equipment 
High causticity; may not be ame 
nable to biological treatment 
suspended | All settling and sludge digestion 
All biological processes and sludge 
digestion 
Amenable to treatment; all bio 
logical processes, scum handling, 
and sludge digestion 
All biological processes and sludge 
digestion 
ettling units, biological processes, 
and sludge digestion 
Settling units, biological processes, 
and sludge digestion 


All biological processes and sludge 
| digestion 

All settling, biological processes, 
scum-handling equipment, 
sludge digestion 


and 


important in determining the accepta 
bility of an industrial waste. When 
a waste is under consideration for ac 
ceptability, the entire loading on the 
sewage plant, together with the ca 
pacity of each of the units in the plant, 
should be carefully evaluated and 
scrutinized to determine whether there 
is excess capacity available to handle 
a proposed industrial waste discharge. 


Type of Waste 


All industrial wastes do have some 
effect upon the operation of sewage 
treatment works processes. In consid 
ering amenability, certain measurable 
criteria must be developed. These 


criteria are measurable by adopted 


| 
| 
3 
4 
| 
| 
3 
‘ 
: 
| 
d 
: 
3 
4:4 
& 
\ 
’ 


44 SEWAGE AND INDUSTRIAL WASTES nilliaiiies 


methods of the engineers, the chemists 
and other qualified personnel ; however 
no over-all empirical computation 
allows complete interpretation in each 
individual case. It is further recog 
nized that considerable desirable data 
must be developed for the adequat: 
consideration of the amenability of in 
dustrial waste to treatment with sani 
tary sewage, which in many cases may 
even necessitate experimental dis 
charge to afford time for observations 
and for applicable measurements. In 
general application these criteria do 
afford basic factors for determining th 
acceptability of industrial waste for 
treatment with sanitary sewage, and 
do afford factors for pretreatment re 
quirements. 

Criteria for considering the amenabhi! 
ity of industrial waste to treatment in 
sanitary sewage processes are as fol 
lows: 


1. Uniformity: 
(a) Quantity or volume 
(b) Rate of flow. 
Composition : 
(1) Physical characteristics 
(2) Chemical characteristics 
(3) Combined 
chemical characteristics 


mechanical! 


2. Solids: 
(a) Mineral—inert 
(b) Organic. 
Mechanical. 


3. Excessive acidity or alkalinity 
Toxic substances. 


5. Seum-forming constituents (grease 
and oil) 


With proper evaluation and interpre 
tation of the criteria set forth, certain 
classes of industrial waste are immedi 
ately recognized as unacceptable to 
treatment in sewage treatment proc- 
esses by reason of hazards and effects 
to the sewers and sewage treatment 
industrial 
wastes not admissible to sanitary sew 
ers are as follows (2): 


works. On this basis, 


1. Gasoline, cleaning solvents, fuel 
oil, ete 


2. Ashes, sand, cinders, ete. 

3. Tar, plasties, and other viscous 
substances. 

4. Mineral oils 

5. Feathers, hair, rags, ete. 

6. Metal, broken glass, shavings, etc 

7. Unshredded garbage. 

8. Toxic 


malodorous gases. 


corrosive, explosive, and 


9. Acetylene generation sludge, ete. 


The classification of industrial waste 
in many cases allows the engineer the 
possibility of evaluating amenability 
according to a fairly well-adopted pat 
tern. For instance, on a very general 
basis, for many years the following 
industrial wastes have been considered 
amenable to treatment with sanitary 
sePWage: 


1. Food processing wastes. 
2. Milk processing wastes. 
3. Slaughterhouse wastes 
4. Meat packing wastes. 
5. Laundry wastes. 


It must be recognized, however, that 
even in these instances each case re 
quires individual study to determine if 
sufficient plant capacity is available. 

For convenience in considering the 
details of acceptability of the classes 
of industrial wastes, Table I lists the 
process wastes together with their gen- 
eral characteristics and the possible ef- 
fects which these process wastes have 
on sewage treatment works units. 


Pretreatment of Industrial Wastes 


industrial 
wastes will in many instances allow 


The pretreatment of 


the acceptability of such a waste when 
the waste would be inacceptable with- 
out pretreatment Pretreatment can 
be generally broken down into the 
following broad classifications: 


1. Equalization for uniformity of 
concentration and rate of discharge. 

2. Provision for removal of excessive 
solids by sedimentation and/or fine 
screening, ete 
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3. Provision for removal of excessive 
B.O.D. 

4. Provision for the removal or re- 
duction of toxie substances. 

5. Provision for neutralization of ex- 
cessive acidity or alkalinity. 

6. Provision for reduction of seum- 
forming constituents. 
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The pretreatment which an industry 
must afford an industrial waste will 
have to be carefully coordinated with 
the sewage treatment plant capacity so 
that the reduction and/or ironing out 
of the loading by the preliminary 
treatment plant will be sufficient to 
allow the sewage plant to successfully 
treat the waste. 


Il. PROCEDURES FOR ACCEPTING INDUSTRIAL WASTES 


Under this section there is set forth 
a suggested procedure for acceptance 
of industrial waste into the sewer sys- 
tem. Although this procedure is par 
ticularly suited to conditions in Penn- 
sylvania, it could he modified or al- 
tered to meet conditions and rules and 
regulations of regulatory bodies in 
other states. 


State Regulations 


In Pennsylvania, sanitary sewer sys- 
tems and sewage works are constructed 
and operated under permits issued by 
the State Sanitary Water Board, which 
has jurisdiction over all matters per- 
taining to stream pollution. The sew- 
erage permits issued by the Sanitary 
Water Board are all subject to certain 
conditions, one of the conditions re- 
lating to the acceptance of industrial 
wastes and usually appearing in all 
permits being as follows: 


Attention is directed to the necessity of 
having a qualified person make proper 
study of all industrial wastes proposed for 
discharge to the public sewer system, to 
determine the degree of preliminary treat- 
ment, if any, which is necessary before 
these wastes may be discharged to the said 
system. 

No industrial wastes shall be discharged 
to the sewer system which will preju- 
dicially affect the sewerage structures or 
their functioning, or the processes of sew- 
age treatment, and any permission granted 
by the permittee for industrial wastes dis- 
charged into the sewer system should re- 
serve to the permittee the right to regulate 
the rate of such discharge or to require 
such further preliminary treatment as may 


be necessary, or the exclusion of the said 
industrial wastes from the sewers, if this 
he deemed necessary to protect the per- 
mittee’s interests. 


Although the quoted standard con- 
dition usually appears in most sewer- 
age permits, occasionally other special 
conditions relating to industrial waste 
are also included in Sanitary Water 
Board permits if special circumstances, 
design factors, stream conditions, ete., 
warrant the need for imposing addi- 
tional limitations relating to the ae- 
ceptance of industrial waste into the 
sanitary sewer system. 

It should be noted from the quoted 
condition that while the Sanitary Wa- 
ter Board permit condition usually 
gives the permittee (that is, the mu- 
nicipality, sewer authority, or sewer 
company) the right to accept indus- 
trial waste, it specifically prohibits the 
acceptance of industrial waste which 
will ‘‘prejudicially affect the sewerage 
structures, or their functioning, or the 
processes of sewage treatment.’’ 


Regulation by Municipality 


As a method of complying with the 
quoted condition and in order to con- 
trol industrial waste discharge into a 
sanitary sewer system, the municipal- 
ity, sewer authority, or sewer company 
should establish by ordinance, or by 
adopting rules and regulations, a sys- 
tem of procedure whereby industry will 
be required to do the following: 


1. Make application to the mnu- 
nicipality for permission to discharge, 
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either in the case of industries already 
connected or in the case of new indus 
tries desiring to connect. 

2. Have a further study prepared by 
persons in 
with 


competent the case of in 


dustries major discharge prob 
lems 

3. After decision of acceptance by 
the municipality of major discharges, 
enter into an agreement defining and 


providing for regulation 


Application for Permission 


The form used for making applica 
tion for permission to discharge should 
he of a type which will secure certain 
information from the 


basic industry 


uch a 


1. Name and address 
2 Type of industry 


3. Processes which produce indus 
trial waste 

1. Listing the various types of in 
dustrial waste 

5. Characteristics 

6. Water consumption. 

7. Waste quantities, rates of 
and methods of measuring. 


8. Time of discharge 


flo A 


9. Analysis of the waste 
10. Description of any pretreatment 
facilities, either existing or proposed 


The application form should be one 
which can be attested and signed by 
a responsible official of the industry 

The of such 
immediately make available to the mu 
deal of 
extent to 


submission forms will 


nicipality a great basic in 


formation as to the which 
the sanitary sewer system is being used 
for industrial waste. From an evalua 
tion of these application forms and by 
field investigation, the municipality can 
industries into 
categories Some may be 
found to be of minor importance and 
granted immedi 
ately ; others may have a major indus 


classify the connected 


various 
permission can be 


trial waste problem and others may 
fall between these categories. 
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Further Study by Industry 


Depending upon the degree of the 
individual particularly 
where a major industrial problem is 
involved, the municipal authorities op 
erating the 


case, 


sanitary sewer system 
should require the industry to retain 
a competent firm of consulting engi 
neers, chemists, or other qualified per 
sons to make a study of the industry’s 
particular problem and to prepare a 
report with sufficient data to show that 
the industrial waste is or will be made 
acceptable for discharge to the sani 
system It is 
that the consulting engineer, 


tary sewer important 


chemist, 


or qualified person retained by the in 


dustry have ample experience In in 


dustrial waste problems and 
treatment processes. Even though they 
will represent the industry, their pro 


fessional opinion as to whether the in 


sewage 


dustrial waste will or will not adversely 
affect the public sewer system and sew 
age treatment works should be in 
corporated in their report. This re 
port, with the data on the 
application, can then serve as the basis 
for negotiating and for the municipal 
ity’s issuing a permit or entering into 
a formal agreement with the industry 
for discharge of the industrial waste to 


together 


the public sewer system 


Acceptance of Discharge 


In the final analysis the municipal 
officials will have to final 
decision as to whether they desire to 


make the 


accept an industrial waste under con 
into the sanitary sewers, 
thereby assuming responsibility for the 


sideration 


proper treatment and final disposal of 
such wastes. 
should be 
of competent 


Obviously, such decisions 
based on recommendations 
persons experienced in 
the art of sewage and industrial waste 
treatment Some municipalities or 
sewer authorities may have such per 
sonnel in their regular employ, whereas 
others may find it advisable or neces 
sary to retain qualified consultants for 
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that purpose. In addition, consulta- 
tion with the local State Health De- 
partment officials is always appropri- 
ate. 


Agreement or Permit 


If the municipality or sewer author- 
ity operating the sewer system is will- 
ing to accept the industrial waste it 
can either then issue a permit of suit- 
able form or enter into a formal agree- 
ment with the industry. Some of the 
stipulations which may be found de- 
sirable to include in such agreement 
or permit are the following: 


1. Reference by title to the in- 
dustry’s consultants’ report by name 
and date 

2. Stipulation of maximum quantity 
of waste permitted to be discharged 
per 24 hr. and the time and rates of 
flow 

3. Specific reference to the extent 
certain toxic elements or other harm 
ful constituents must be reduced be- 
fore discharge. 

4. Construction of pretreatment 
works, if any, and proper maintenance 
and operation thereof at the industry's 
expense. 

5. Submission by the industry to the 
municipality at appropriate intervals 
of records showing daily discharges to 
the sewer system, together with such 
chemical analyses as the municipality 
may deem necessary. 

6. Reserve to the municipality the 
right to regulate the rate of discharge. 

7. Reserve to the municipality the 
right to require such further prelimi- 
nary treatment as may be necessary. 

8. Reserve to the municipality the 
right to exclude the industrial waste 
from the sewer system. 

9. Permit the municipality to have 
access to the industrial establishment 
to the extent necessary to observe and 
inspect operation of any pretreatment 
facilities and to inspect the sources of 
industrial waste. 

10. Reference to charges for sewer 
service and that such charges are sub- 
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ject to future ordinances or regula- 
tions. 


Regulation after Acceptance 


When permission is granted for a 
sewer connection for industrial waste 
discharge the industry should appreci 
ate that the problem is not altogether 
solved at that stage, but that work 
incident to controlling the rate of dis 
charge and pretreatment, if required, 
must be faithfully carried out in the 
future and that such work should as 
sume as much importance as any other 
operation in the industrial process 
There have been numerous cases where 
failure on the part of industry to prop 
erly control volume and pretreatment 
practice has resulted in considerable 
difficulty at the municipal sewage treat- 
ment works. Sometimes the difficulty 
arose from change in operation person 
nel in the industry and failure to 
realize that the sewer connection was 
only intended to admit specific wastes 
and not intended for use as a general 
receptacle for every obnoxious and 
toxic waste in the plant, some of which 
should have been disposed of by other 
methods. 

It would be advisable for the main 
operator or superintendent at any sew 
age treatment works, regardless of its 
size, to have some knowledge as to 
names and types of industries con 
nected and the extent to which each 
is contributing industrial waste 
Therefore, even when the foregoing 
recommended procedure for controlling 
industrial waste is being administered 
at the local governmental level, the 
records, applications, and supporting 
engineering reports should be accessible 
to the superintendent or operating head 
of the sewage treatment works at any 
time so that plant operation can be co- 
ordinated with administration. Re- 
sponsible operating personnel should 
be encouraged to make periodie field 
investigations of those industries con- 
nected. This would not impose any 
unusual burden on operators at small 


on 
. 
; 
- 
| 
| 
3 
ay. 


4% SEWAGE AND INDUSTRIAL WASTES 


municipal plants because of the few 
industries connected. However, it is 
realized that in the ease of the larger 


municipalities, cities, or joint sewer au- 


thorities, such field inspection work 
would probably have to be carried out 


by separate personnel 


Conclusion 


If the suggested procedure outlined 


herein is followed, the information 
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when finally collected and properly 
evaluated, together with a _ well-de- 
signed rate structure, will serve as a 
basis for making an equitable charge 
to industries for the treatment of their 
waste. 
References 
1. ‘Municipal Ordinances.’’ Bibliography, 
Manual of Practice No. 3, Federation 
of Sewage Works Assns., Champaign, 
Ill. (1949), 
2. Ibid., p. 21. 


PUBLIC SEWAGE PLANT CONSTRUCTION—1953 


Because of greatly lessened stream flow in 
1953, a year of extended and 
droughts, pollution 


widespread 


problems were corre 
spondingly 
the United 


awards, to 


aggravated. What was done in 
States, in the 
help 


form of contract 
reduce pollution concentra 


tions contributed by the eountry’s munici 
USPHS report 


under the title ‘‘ Pub 


palities, is tabulated in a 
(Publication No, 409 
lie Sewage Plant 
1953.’’ The report supplements and brings 
up to date the information contained in the 
1952 construction report (abs. THIS JOURNAL, 
25, 7, 786; July, 1953). 

Progress municipalities during 
1953 in providing sewage treatment facilities 
necessary to 


Treatment Construction 


made my 


prevent pollution of water re 


sources on which downstream water users 


TABLE I. 


depend is indicated by contracts amounting 
to $191,000,000 for 615 treatment 
plants, including interceptor sewers in many 
places, awarded during the year. The cost 
of 329 new plants was $96,000,000, the re- 
maining $95,000,000 providing for additions, 
enlargements or replacements for 286 existing 
plants. Comparison with the 1952 record 
reveals marked increases in four basins 
(Tennessee, Colorado, Great Basin, and South 
east) and a substantial reduction in only 
(Northeast, where several large 
contracts for completion of the Boston area 
program accounted for almost one-half of the 
1952 total). 

Construction data are distributed according 
to the size of population groups to be served 
and the type of construction in Table T. 


sewage 


one basin 


Sewage Treatment Plant Construction Contract Awards in 1953 


by Population Size and Type of Construction 


New Plants 


Population Range 


Coat 


$1,000 


Less than 2,500 
2 5,000 
5,000 10,000 
10,000 25,000 
25,000 50,000 
50,000 100,000 
100,000 250,000 
250.000 500,000 
500,000- 1,000,000 
1,000,000 or over 


13,026 


Total 


Additions, Enlargements, | 


Tot 
Replacements, etc al 


Coat Cost 
($1,000) ($1,000) 


16,441 
11,737 
15,797 
22,617 
12,747 
28,740 
45,383 

5,842 

5,998 
25,618 


190,920 


3,415 
3,883 
7,449 
8,429 
5,626 
15,342 
13,239 
5,842 
5,998 
25,579 


to to 


94,802 | 615 
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Bee 

re 

| 
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It is the purpose of this paper to 
discuss some of the more important 
considerations to be given to the estab- 
lishment of regulations for controlling 
the discharge of industrial wastes into 
sewers. Nevertheless, all temptations 
to draw up a model ordinance are 
studiously avoided. In this connection 
it should be obvious that a single ordi- 
nance which will apply to all localities 
and situations cannot be drawn up 
because each individual situation is 
somewhat different from another, de- 
pending on such factors as the size of 
the municipality, the number and type 
of industries, and the nature of the 
treatment plant. Is should be noted, 
however, that there are instances where 
a regulation developed by a certain lo 
cality has been adopted by others with 
out proper evaluation of its applicabil 
ity to particular situations. Further- 
more, the problem of sewer ordinances 
has many facets, including the ques- 
tions of regulations pertaining to the 
use of public sewers by residential 
properties, regulations pertaining to 
private sewage disposal facilities, ques- 
tions relating to house sewer connec- 
tions, storm and surface waters, sewer 
rentals and financing. It is, therefore, 
necessary to set up certain limitations 
in scope. The problem is approached 
on the basis of broad principles, and it 
is limited to the specific question of 
what kind of regulations are desirable 
for the discharge of industrial wastes 
into sewers 

* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station. Presented 
at 1954 Annual Meeting, New Jersey Sewage 
and Industrial Wastes Assn.; Atlantic City, 
N. J.; Mar. 10-12, 1954. 


INDUSTRIAL WASTES IN MUNICIPAL SEWERS— 
FLEXIBLE OR STRICT REGULATIONS * 


By H. HeuKkeLeKIAN AnD H. E. Orrorp 


Rutgers University, New Brunswick, N. J. 


It is the duty of a municipality or 
sewerage district to accept and treat 
all the liquid wastes arising within a 
sewage-shed, which do not cause any 
damage to sewers or affect the opera- 
tion of the treatment plant. It may 
be necessary at times to exclude certain 
wastes, but this should not be done on an 
arbitrary basis but rather for good and 
valid reasons. The burden of proof in 
such cases should rest with the agency 
responsible for the treatment of wastes 
To determine the acceptability of a 
waste a preliminary investigation 
should be undertaken, the cost of which 
should be borne by industry. The 
reasons in favor of including all wastes 
that can possibly be received are as 
follows: 


1. It is more economical and feasible 
to treat a combination of wastes and 
domestic sewage than to treat each one 
separately 

2. The possibility of better super- 
vision and control is greater in a com 
bined plant than in a number of sepa 
rate plants. 

3. It relieves the industry from the 
responsibility of treating its wastes, 
which it is often not prepared or quali 
fied to do. 


In amplifying these reasons it should 
be remembered that often it is an ad 
vantage to treat industrial wastes in 
conjunction with sewage because the 
sewage affords dilution, reduction in 
toxicity, flow equalization and blend. 
ing, chemical interaction, seeding, and 
nutrients. Waste treatment in a single 
combined plant is invariably cheaper 
than in separate plants because unit 
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costs for construction and operation 
are reduced as the size increases. 

A larger combined plant can war 
rant the employment of better qualified 
men than can a number of smaller 
plants; as a result, better operation 
and control expected. In 
smaller industrial plants technical men 
qualified for waste treatment are not 
available and the job falls to a pro 
duction supervisor who will naturally 
consider treatment as 
ondary importance 


can be 


waste of sec 

This right to discharge wastes to a 
public sewer system carries with it a 
number of responsibilities on the part 
of industry. Cooperation is the corner 
stone for the SUCCESS of such a project 
It is essential that all information re 
quired as to the wastes, products, and 
processes should be unhesitantly fur- 
nished, There should be a willingness 
to aid the publie agency in solving 
mutual problems. Industries should 
bear their fair share of the costs for 
collection and treatment. 


What should be the guiding concept 


in controlling the admission of wastes 
into public sewer systems? There are 
three alternatives—namely, (a) no re 
strictions whatsoever and indiscrimi 
(b) very detailed, in 
flexible regulations; and (c) 


nate discharge ; 
certain 
minimum regulations supplemented by 
flexible With no regulation 
whatsoever, there is no protection for 


ruides. 


the industry, the sewer system, or the 
public. Therefore, this alternative can 
be dismissed without further discussion 
ry 

"he second alternative warrants some 
discussion, there are many in 
stances where regulations are spelled 
out in detail. 


since 


Such cases may be justi 
fied if the treatment plant is badly 
overloaded, but many of these situa- 
tions can be overcome by extension and 
expansion of the treatment facilities. 
If careful consideration is given to the 
problem of applying strict regulations, 
many incongruities and fallacies arise, 
as follows: 
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1. If regulations are drawn up on 
the basis of concentration of certain 
substances in the wastes without re- 
gard to volumes, it is conceivable that 
certain dilute would be ad 
mitted and concentrated wastes would 
be excluded. Assuming a maximum 
limit of 500 p.p.m. in the regulation 
for suspended solids an industry with 
1,000 p.p.m. suspended solids and with 
a volume of 10,000 g.p.d. would be ex 
eluded or required to pretreat, while 
another industry with 500 p.p.m. sus 
pended solids in 20,000 g.p.d. would 
be permitted to discharge, despite the 
fact that both wastes contain the same 
total amount of solids. 

2. If, on the other hand, regulations 
are based on the quantity of various 
substances discharged, then the ques 
tion arises as to the basis on which the 
allocation to various industries will be 
made. Such allocation must either be 
arbitrary or on inappropriate 
basis, such as the number of employees, 
taxes paid, ete. It will furthermore 
necessitate an elaborate system of con 
trols to enforce such a regulation based 
on quantity. 

3. Regulations based on the dis 
charge of toxic substances on the basis 
of concentration in the waste are also 
fallacious because they do not take 
into account the dilution available after 
discharge of the waste, and toxicity is 
a question of ultimate concentration 
and total quantity of toxic materials 
in the sewage received, rather than in- 
dividual contributions 


wastes 


some 


The problems 
of regulation of the discharge of toxic 
substances are somewhat different from 
the previous illustration. Whereas, in 
the example given before the problem 
is one of capacity, toxic substances af 
fect the efficiency of biological treat 
ment processes. It is necessary to pro 
tect such processes by some kind of 
regulation. But if the regulation of 
toxic materials is based on concentra- 
tion, it may not always give the desired 
protection or may unnecessarily ex- 
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clude minor contributors of toxic ma- 
terials. 

4. Strict, inflexible, detailed, unwar- 
ranted, arbitrary, overcautious regula- 
tions tend to make lawbreakers out of 
many industries and businesses, and 
are difficult to enforce although easy 
to apply. Strict limitations that are, 
in practice, unattainable, would tend 
to make industry disregard the valid 
portions of the regulations and be 
wary of voluntary cooperation with the 
sewage agency. The past experience 
with national prohibition is an ap- 
propriate illustration of this viewpoint. 
In order to enforce strict regulations, 
the agency must set up an elaborate 
program of sampling and analysis. 
With the present 
status of knowledge concerning the ef- 
fect of toxic chemicals on biological 
treatment processes, it is unwarranted 
to fix exact limits. The problem is 
too complex to be approached by over- 
simplified arbitrary methods. Stand- 
ardized regulations are convenient de 
vices to save lazy minds the trouble of 
thinking; they are often based on in- 
sufficient information, but they are 
seized upon, repeated, accepted, and 
adopted by others until they assume 
the semblance of authority. Yet there 
is no substitute for good judgment 
based on factual material in making 
decisions 


This is seldom done. 


Not all failures in sewer systems can 
be attributed to poorly regulated in 
dustrial waste discharges. Many in- 
stallations handling strictly domestic 
sewage have their problems arising 
from improper design and operation. 
This situation is often aggravated by 
the presence of industrial wastes. The 
existence of regulations per se does not 
necessarily guarantee avoidance of 
difficulties. Almost all regulations in- 
clude provision for prohibiting the dis- 
charge of oil and inflammable and 
explosive materials. Yet is there a 
treatment plant which has not at one 
time or another received large quanti- 


INDUSTRIAL WASTE REGULATIONS 51 


ties of oils? And sewer explosions oc- 
cur all too frequently. 

This leaves the third alternative 
namely, certain minimal regulations 
supplemented by flexible guides to pro 
vide maximum protection on an equi 
table basis. There are certain concepts 
which should be included in any sewer 
ordinance and which should prove ade 
quate without any specific conditions 
and requirements. These ideas are 
predicated on the principle that the 
regulatory agency has the right and 
will exercise its authority on the basis 
of factual information and seasoned 
judgment before reaching a decision on 
the merits of each individual case. The 
minimal regulations and supplemental 
guides can be divided into two cate 
gories: those pertaining to minimum 
basic restrictions and those pertaining 
to the implementation of any control 
program. 

Restrictions on wastes discharged 
certainly should include the following 


1. No storm-water or surface drain 
age without special permission in sepa 
rate systems. 

2. No solid materials which will tend 
to damage structures or settle out in 
the sewers. 

3. No oils, tars, greases, or other 
organic or inorganic materials which 
will tend to cling to the sides of sewers 
and impair their hydraulie capacity 

4. No oils, petroleum products, or 
other inflammable or explosive ma 
terials except by special permission. 

5. No poisonous or toxic materials 
hazardous to life or to plant operation 
without special permission 

6. No materials which may be de 
structive to sewers or structures with 
out special permission. 

7. No wastes which create obnoxious 
conditions inimical to public comfort 


Items pertaining to implementation 
of the control program should include 
the following: 


1. Requirement for all industries 
and businesses to register and furnish 
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information requested concerning their 
operations pertinent to their wastes 
and processes. 

2. Requirement that all industries 
and businesses obtain permits for the 
discharge of wastes. 

3. Provisions for revocation of per- 
mits and other penalties for infrac- 
tions of rules and regulations. 

4. Provision for rights of entry for 
purposes of inspection, sampling, and 
flow measurement. 

5. Right to require pretreatment or 
flow equalization 

6. Right to prohibit discharge of 
wastes which cannot be tolerated in the 
sewers 

7. Right to levy special charges for 
treatment of industrial wastes. 


The responsible authorities should 
be guided by the following principles: 


1. When acid wastes are discharged, 
neutralization will be required pro 
vided the discharge of unneutralized 
waste causes the pH in the lateral 
sewer to go below 4.5. Also, sewage 
received at the plant with biological 
treatment processes should not have a 
pH below 6.0. For other types of 
treatment the pH should not be be- 
low 5.0. 

2. When alkaline wastes are dis- 
charged, there is no need to neutralize 
provided the pH of the sewage received 
at the plant does not exceed 8.5. 

3. In general, temperature of the 
wastes discharged is a minor problem, 
and except in cases where relatively 
large volumes of wastes at high tem- 
peratures are suspected of causing dam 
age, their flow or temperature should 
not be regulated. 

4. Although no straight oils, tars, 
and greases, or concentrated emulsions 
thereof, are allowed, it is difficult to 
exclude small amounts of such ma 
terials originating from washing and 
cleaning operations. For instance, 
garages should not be allowed to dis- 
charge crankcase oil into sewers; how- 
ever, certain amounts of such oils are 
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bound to enter into sewers through 
washing operations. 

5. There is no need to restrict the 
specific gravity or size of suspended 
solids discharged, beyond the require- 
ment that they should not settle out 
in sewers. 

6. There is no need for fixing an 
upper limit for suspended solids and 
B.O.D. concentration of a waste, pro- 
vided there is adequate capacity at the 
plant. If the capacity is limited, it is 
advisable to restrict the discharge on a 
pounds-per-day basis compatible with 
capacity. 

7. In rare instances it is necessary 
to restrict the coneentration of dis- 
solved solids. These restrictions are 
often meaningless because the concen- 
tration of dissolved salts in sewage is 
affected by the variations in the dis- 
solved salts in the water supply. 

8. Normally there should be no re- 
strictions on total volume or rate of 
waste discharged except in unusual 
eases where the sewer and plant hy- 
draulic capacities are adversely af- 
fected. 

9. Equalization of discharge or con- 
trolled discharge during off-peak pe- 
riods may be required when fluctuation 
in flow and concentration affect the 
treatment facilities adversely. 

10. Pretreatment may be required 
for wastes that affect the operation of 
the plant adversely, either due to lack 
of capacity or for the purpose of re- 
moving some substances inimical to col- 
lection or treatment. 

11. Admission of substances toxic to 
biological treatment processes or receiv- 
ing streams should be on the basis of 
the concentrations in the sewage re- 
ceived at the disposal plant and their 
effect on the treatment processes on 
the basis of the best available informa- 
tion. Such information was brought 
together by the Research Committee 
of the Federation (1). Additive or 
counteractive effects of combinations 
of a number of toxic substances are 
not well known. 
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12. Phenols are known to be de- 
stroyed by biological action in treat- 
ment plants and streams at relatively 


high concentrations. Unless such con- 
centrations are exceeded or the stream 
is used as a water supply, there is no 
need to restrict the concentration pro- 
vided the plant effluent will meet the 
requirements of stream regulatory 
agencies. 

13. Chlorine demand should not be 
a basis of restriction unless chlorina- 
tion is adversely affected. This is 
normally a question of chlorinator ca- 
pacity and cost of chlorine, which can 
be adjudicated on an equitable basis. 


A flexible control program must have 
a firm foundation based on adequate 
information A simple application 
form should suffice for most of the in- 
dustries and businesses in a sewage- 
shed and should inelude the following: 


1. The name and location of each 
factory and business served. 

2. The type of business, products 
manufactured, raw materials used in 
processing, and general information 
concerning the processes or operations 
involved. 

3. The number of employees con- 
tributing to the sewer system. 

4. The amount of water used by the 
plant, or the sewage discharged. Also, 
some estimate of the peak flows en- 
countered and the maximum daily 
flows. 

5. A diagram showing the points of 
discharge of the property sewers into 
the sewer system 


Additional information will be neces- 
sary from industries whose operations 
are complex or whose wastes will have 
a significant effect. Size of the in- 
dustry is not necessarily a good cri- 
terion for making further investiga- 
tions, because a small industry might 
possibly discharye very difficult wastes. 
The size of the industry requiring 
special study will also be in relation 
to the size of the sewer system. 
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For these industries more elaborate 
measures may be necessary. They in- 
clude : 


1. An investigation of the premises 
and processes by representatives of the 
public agency. 

2. More extensive information from 
the industry regarding the processes 
and the wastes produced. Such in- 
formation to be special and specific for 
each particular industry. 

3. A program for taking waste sam- 
ples, making necessary analyses. Col 
lection of such information should be 
the responsibility of the public agency, 
and the cost of specialized analyses be- 
yond the scope of the agency should 
be borne by the industry. It is under- 
stood that many small treatment plants 
will not have the facilities and person- 
nel for making such analyses. In these 
cases, help should be available from 
organizations such as state health de- 
partments, water pollution control 
agencies, universities, and commercial 
laboratories. 

4. In order to make all the informa. 
tion gathered meaningful and readily 
available for tracing out the source of 
waste difficulties it should be systemati 
eally filed, catalogued, and, if possible, 
cross referenced. One obvious help, of 
course, is the spotting of all listed 
industries and businesses on the master 
sewer maps, showing their connections 
to the sewer system and being identi- 
fied by some special designation 


Summary 


A discussion is presented on the 
basis of broad principles and general 
concepts for a rational approach to 
the problem of regulations pertaining 
to the admission of industrial 
to public sewers. 


wastes 
Wherever possible, 
such a principle should be encouraged, 
under proper safeguards. However, 
the safeguards and restrictions should 
be on the basis of bona fide or po- 
tential danger to human life and com- 
fort, to sewer and sewage plant struc- 
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and to the 
treatment plant. 


tures, operation of the 

Furthermore, it is the responsibility 
of the public agency to implement these 
safeguards by excluding certain wastes 
from public sewers or to require cer- 
tain modifications and pretreatment, 
but the burden of proof rests with 
the agency. For this purpose, it should 
be the duty of the public agency to 
obtain, by a regular sampling pro 
cedure, the information and evidence 
necessary to prove damage. 

The should be flexible 
and drawn on broad terms, rather than 
detailed specific rules, so that each case 
can be decided upon on the basis of 
its merits after careful and reasonable 
consideration. It is not sufficient to 
consider only the volumes and concen 


regulations 


trations of the wastes discharged and 
make the restrictions on the 
concentrations in the 


basis of 


waste, but con 
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sideration also must be given to the 
volume in the receiving sewer, the di- 
lution available, and the concentrations 
received at the treatment plant. 

Industry itself has certain responsi- 
bilities, such as furnishing required 
information, cooperating with public 
agencies to solve mutual waste disposal 
problems, and bearing its share of the 
cost of treatment. 

The suggested approach to regula 
tion of industrial waste discharges into 
sewers replaces fixed specific rules and 
regulations. Such an approach can be 
easily promulgated by judgment and 
discretion of a high order. 
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KRAUSE REPLACES HITZROT AS DIRECTOR OF BDSA WATER 
AND SEWERAGE DIVISION 


The appointment of Charles W 
Krause, of Rock, N. J., as Di 
rector, Water and Sewerage Industry 
Utilities Division, Business and 
Defense Services Administration, U.S 
Department of Commerce, was an 
nounced November 30, 1954, by BDSA 
Administrator Charles IF’, Honeywell 

Mr. Krause, New York District Man 
ager of the Neptune Meter Co., is on 
loan to BDSA from his company under 


Glen 


and 


a rotation system whereby outstanding 
business executives serve the Govern 
ment without compensation for pe 
riods of 6 months or longer 

Ile succeeds Henry W. Hitzrot, of 
The Dorr Co., Westport, Conn., who 
has served with BDSA March 
1954 and will continue his association 
with the consultant on 
matters pertaining to water and sew 
erage. 
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IN-PLANT CONTROL OF DAIRY WASTES * 


By Cuirrorp W. Watson, Jr. 


Sanitary Engineer, Dairymen’s League Cooperative Association, Inc., 
New York, N. Y. 


After World War II many states 
either passed new anti-pollution laws 
or strengthened existing laws. At the 
Federal level, the Water Pollution Con- 
trol Division of the U. 8S. Public Health 
Service was created by Public Law 
845 of the 80th Congress during 1948. 
Its chief function is the promotion and 
stimulation of pollution abatement 
through cooperative programs, re- 
search, and advancement of funds for 
use by the several states. It has au- 
thority with respect to interstate wa- 
ters to act if states fail to do so. 


Dairy Industry and Clean Streams 


The dairy industry, with plants seat- 
tered throughout the 48 states, has felt, 
to a considerable extent, the effect of 
these clean streams movements. The 
problem was of such a magnitude that 
a national committee known as the 
Subcommittee on Dairy Wastes of the 
Dairy Industry Committee was formed. 
Its purpose is to study the problem, 
gather data that will be of assistance 
to the dairy industry, and disseminate 
it for the use of the entire industry. 
As with many other industries, it was 
felt that the best place to attack the 
problem of pollution was at the source. 
With this in mind the committee pub- 
lished a manual for dairy plant opera- 
tors entitled ‘‘ Waste Prevention in the 
Dairy Industry.’’ 

The sources of waste in a dairy plant 
fall into about seven general classifica- 
tions as follows: 


* Presented at 1954 Annual Meeting, Penn- 
sylvania Sewage and Industrial Wastes 
Assn.; State College, Pa.; August 25-27, 
1954. 


. Leakage. 
2. Overflow. 
3. Spillage. 
4. Freezing on. 
5. Willful waste. 
Residual waste. 
7. Carryover. 


Each source of waste may contribute 
considerably to the waste load from a 
plant. Each source is also controllable. 


Waste in the Dairy Plant 


Leakage may occur at pumps, sani- 
tary pipeline fittings, plate heaters 
and coolers, clarifiers, separators, 
homogenizers, and filling machines. 
For the most of these, a program of 
maintenance throughout the plant will 
eliminate many leak sources. Often, 
however, a leak may occur in a pipe 
line or piece of equipment during the 
operation that cannot be corrected at 
once. In cases of this sort receptacles 
such as pails, ete., should be available 
around the plant to catch these leaks 
and keep them from entering the sewer. 
A new feature recently introduced in 
the milk industry that will prevent 
many pipeline leaks is in the in-place 
system of cleaning sanitary pipes. In 
this system a new type of sanitary 
fittings, together with a leak-proof 
gasket of neoprene or similar material, 
is used. Pipelines may first be rinsed 
and the rinsings collected instead of 
going on the floor as is the case where 
pipelines are taken down for washing 
each day. 

Overflow may occur at many points 
in a dairy plant, such as receiving 
tanks, storage tanks, vat pasteurizers, 
hot wells, and cheese vats. An example 
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of spillage occurred recently in a 
League plant where the 
waste was being treated with an aera 
tion-type plant A 
plaint was received from the manager 
that the plant could not 
be operated continuously and became 
septic 


Dairymen’s 


treatment com- 


treatment 


Investigation of this situation 

pills at the 
During the period of the investigation 
five spills were recorded through the 
raw waste sampling 


revealed receiving vat 


The samples in- 
dicated a loss of milk above the normal 
1,880, 
respectively. 


average in the plant waste of 
268, 492, 176, and 330 Ib., 
They were found to have been caused 
by a faulty heater coil in the starter 
for the pump emptying the receiving 
vat, causing the 
when the 
At the current 
per 100 Ib 
at this plant of about $127.89. 


pump not to operate 
button was pushed. 
of milk ($4.06 
these spills caused a loss 
This 


example shows the value of level con- 


start 


price 


trols that signal the operator when a 


vat or tank is full. 


Poor Equipment Design 


Spillage of 


yenerally 


product to the floor is 
a result of careless handling 
or improper equipment design or lay- 
out An example of this occurred re- 
cently in a New Jersey plant. <A con- 
dition of excessive spillage occurred at 
a two-compartment western-type dump 
weigh can with a swinging hopper 
When the hopper was over the left side 
of the weigh can, a portion of the milk 
dumped struck the projection on the 
side of the hopper under the can track 
and spilled over onto the floor. This 
was corrected by adding a piece of 
stainless steel to the end of the projec- 
tion and bending it back 180°. Thus, 
the milk that formerly spilled on the 
floor was thrown back into the weigh 
can 

Freezing on occurs mainly on cool- 
ing equipment, ice cream freezers, and 
in farmers’ cans during severe winter 
weather. The product frozen on the 


equipment is removed during the gen- 
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eral cleanup of the plant or washing 
of farmers’ cans in a can washer. An 
example of the seriousness of frozen 
milk in farmers’ cans showed up dur 
ing a survey of a receiving plant in 
Pennsylvania. The waste survey 
showed an average B.O.D. of 21.7 Ib. 
per day, or a loss equivalent to about 
210 lb. of milk. During the period of 
survey there were three days that the 
temperature ranged around 0° F, The 
average B.O.D. for these three days 
was 55.6 lb., with one day as high as 
73.8 lb., indicating a loss from 214 to 
volume of milk 
The additional 
in the waste was, of course, all 
eaused by frozen milk in the farmers’ 
The 


answer to this problem is the trans 


3% times the normal 
entering the 
milk 


sewer. 


cans removed in the can washer. 


portation of farmers’ milk to the re 
This 


procedure is required in some areas by 


ceiving station in insulated vans. 


law and in many others is becoming 
a general practice to protect the farm 
ers’ milk 

Willful waste, as the notation indi 
cates, is the wasting of products for 
which market and for 


spoiled products. A prevalent example 


there is no 


of this is the wasting of cheese whey 


This, how- 
ever, is becoming overcome through re 
search to find new products into which 


from a cheese operation. 


such by-products of an operation can 
go. It also has been found that irri- 
gation of land is a profitable use for 
this material and many companies are 
finding it both advantageous and profit- 
able to do this. 


Most Troublesome Source of Waste 


Residual waste is by far the most 
troublesome. It milk 


plants and adds to the pollutional load 


occurs in all 


of a plant’s waste, to a greater or lesser 
degree, depending on the care taken to 
collect it. Residual milk is that milk 
which clings to the walls of a can or 
equipment that must be 
washed out after each day’s use. The 


piece of 
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TABLE I.—-Waste Milk Analyses 


Item 


\tomizer rinse 
Drippings coll. at can washer (lb./day) 
Rinsings from milk lines, etc. (Ib. day) 
Drippings test: 

Fat (%) 

Fat (Ib.) 

Total solids (%) 

Total solids (Ib.) 
Rinsings test: 

Fat ) 

Fat (lb.) 

Total solids (¢ 

Total solids (Ib.) 
Fat colleeted (lb day) 


Total solids collected (Ib. /day) 


B.O.D. kept out by waste saving (Ib./day)! 


Total B.O.D. in effluent waste (Ib./day) 


Total B.O.D. in effl. without saving (Ib. /day)! 
B.O.D. in effl. waste (Ib. /day /10,000 Ib. milk) 


B.O.D. kept out by waste saving (Ib./day/10,000 


Ib. milk) 


B.0.D. reeeived without waste 10,000 


lb. milk) 
B.0.D. removed by waste saving (%) 


! Estimated on basis of | Ib. total solids 


Dairymen’s League recently surveyed 
three receiving plants to determine the 
value of waste saving during normal 
operation. Each plant was equipped 
with a dripsaver on the can washer to 
catch the residue in farmers’ cans af- 
ter dumping, and utensils to catch 
drips and collect milk remaining in 
equipment prior to washing. Each 
plant also had a weir box in the sewer 
line equipped with an automatie sam 
pler to sample the waste. The results 
of this survey are given in Table I. 
Another survey was conducted to de- 
termine the effectiveness of drip 
savers on can washers. Each plant was 
equipped with a drip saver on the 
head end of the can washer without an 
atomizing rinse. The results of this 
survey are given in Table Il, These 
surveys readily show that a waste pre- 
vention program in any milk plant can 
materially reduce the pollutional load 
of its waste. 


Plant 
Leonardasville Cazenovia New Woodstock 
Yes es No 
217.5 
85 157.2 162.0 
3.631 2.73 3.63 
3.09 | 5.04 } 2.18 
11.10 7.60 10.65 
9.43 16.53 6.44 
2.246 2.14 
1.91 3.13 3.47 
6.68 6.50 | 4.97 
5.68 10.22 8.05 
5.00 0.07 5.63 
15.11 26.75 14.44 
12.1 21.2 11.58 
11.57 26.11 | 16.57 
23.67 47.31 28.15 
5.02 364 4.95 
5.25 296 =| 3.46 
10.27 6.60 | 8.41 
511 | 


45.0 41.1 


9.8 Ib. B.O.D 


Carryover occurs in evaporating 
equipment. Milk is evaporated in 
vacuum pans under high vacuum, The 
vapor produced during the boiling 
process is removed from the top of the 
vacuum pan and passed through a 
water-cooled condenser. In the boiling 
process, should it become too violent, 
small particles or drops of milk are 
thrown up and become entrained in 
the flow of vapor to the condenser, 
This condition may most effectively be 
corrected through the use of an en 
trainment separator, consisting of a 
series of baffles over which the vapor 
must pass before reaching the con- 
denser. As the vapor passes around 
the baffles the entrained drops of milk 
are lost and flow back into the vacuum 
pan. The Hershey Chocolate Company 
in their manufacture of milk chocolate 
operated a number of vacuum pans 
A check of the condenser water indi 
cated that the B.O.D. varied from 30 
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TABLE II.—Milk Collected in Drip Saver 


Milk Collected 


Per 
10,000 Lb 
Dumped 

(lb.) 


Middleville 4 5, 25.8 
Nicholson 06.4 24 
Pleasant Mt 22 
Pratteville 28.6 
Springville 20.6 
24.5 
26 


~ 


Union City 


rw b 


W yalusing 


24.5 


tS 


Average 


to 90 p.p.m. Subsequent installation 
of entrainment separators on the 
reduced the B.O.D. to 
less than 2 p.p.m., showing a substan- 
tial reduction in the pollutional load 
of the plant effluent to the stream. 


vacuum pans 


Equipment Improvements 


Many milk han 
dling equipment, other than the drip 
saver on the can washer, have reduced 


improvements in 


materially the loss of milk to the sewer 
Some of these include whey savers on 
cheese vats, with sanitary connections 
to prevent whey spillage to the floor; 
bottle equipment, 
which cuts loss by full-bottle breakage 
to a minimum; and many others. 

A point not too often thought of as 
an anti-pollution move is the consolida 
With the im- 
provements in transportation and the 
in milk handling 
becoming an extremely important fac- 
tor in the marketing of milk, many 
local receiving plants are being closed 


automatic casing 


tion of receiving plants. 


economics involved 


in favor of a centralized operation 
An example of this is the Dairymen’s 
League operation at Horseheads, N. Y. 
This is a manufacturing plant produc- 
ing a variety of products, such as milk 
powder, cream mix, ete. 
Previously a portion of the milk manu- 
factured came in direct delivery in 
farmers’ cans. In addition, there were 
three feeder plants located within a 


cream, ice 
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radius of 20 mi. where the milk was 
received from the farmers, cooled, 
placed in tanks, and subsequently put 
into a tank truck for delivery to the 
manufacturing plant. Now the three 
feeder plants have been closed. Addi- 
tional cooling facilities have been in- 
stalled on the farms for cooling morn- 
ing milk and the milk is now picked 
up later in the day for delivery di- 
rectly in insulated trucks to the manu- 
facturing plant. 

Another feature recently introduced 
in the dairy industry that will aid in 
elimination of stream pollution is the 
bulk pick-up system. This again aids 
through the elimination of the receiv- 
ing plant. With this system milk is 
pumped directly from the farmers’ 
refrigerated holding tank to a tank 
truck, in which it is transported di- 
rectly to the processing plant, eliminat- 
ing the receiving plant. 


Waste Milk Dairy Operation 


Many ways have been devised for 
collecting milk that would normally 
be wasted to the sewer, but the means 
of disposal another problem. 
This collected milk is valuable, having 
both a high butterfat and total solids 
content. It can be used for animal 
feed, but a plant manager dare not 
discriminate by giving it to one farmer 
and not another. The problems of 
about 135 plants in North Central 
Pennsylvania and South Central New 
York have been solved with the forma- 
tion of a dairy organization known as 
Conservation Creameries, Inc., located 
at Little York, N. Y. This company 
was organized and a plant started up 
for the express purpose of collecting 
the waste milk and processing it into 
butter and non-fat dry milk solids for 
use in animal feed. At present the 
amount of milk collected averages 
20,000 Ib. per day, with two-thirds of 
it testing 3.5 per cent butterfat and 
one-third testing about 1.8 per cent 
butterfat. The daily yield from this 
milk amounts to about 600 lb. of butter- 
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fat, which is made into 92-score butter. 
The skim milk is made into roller proc- 
ess powder and yields from 800 to 
1,000 lb. per day. It is estimated that 
this concern alone eliminates approxi- 
mately 1,700 lb. of B.O.D. from the 
streams daily, or a population equiva- 
lent of more than 10,000 persons. 


Waste Control Program 


Waste prevention in the dairy plant 
has a definite place in the over-all 
waste control program. However, the 
success of such a program depends on 
the personnel responsible for it. In 


DAIRY WASTES 


59 


setting up a waste prevention program 
the equipment must first be on hand 
to do it. Secondly, an educational 
program must follow to explain the 
use of the equipment and to develop 
interest in the program. After the 
program is in operation the third step 
is check-up. This is best done by waste 
sampling and comparing the results 
with the published standard losses for 
the operation taking place, advising the 
plant personnel of the results. An 
efficient program of waste prevention 
often may be all that will be neces- 
sary to comply with state pollution 
control authority requirements. 


DISCUSSION 


By C. L. Siepert, JR. 


Chemical Engineer, Pennsylvania Department of Health, Harrisburg, Pa, 


Mr. Watson has treated ably the 
sources and extent of dairy plant 
wastes, and various methods of correc- 
tion or reduction. In his tabulation 
of the waste losses at three New York 
State plants (Table 1), he has shown 
reductions of from 11.5 to 21 lb. B.O.D. 
per day. How much is a pound of 
B.O.D. worth in terms of the construc- 
tion cost of a waste treatment works? 


Kight dairy waste treatment works 
in Pennsylvania on which cost and 
performance data are available to the 
State Health Department (Table III), 
ranging in design B.O.D. loads from 10 
to 150 lb. per day, and in cost from 
$3,800 to $30,000, showed a range of 
investment of from $200 to $2,000 per 
pound of daily B.O.D. removed, with an 
average of $800 per pound. This rep- 


TABLE III.—Construction Cost Comparison for Eight Dairy Waste Treatment 


Works in Pennsylvania 


| 
| B.0.D. (ib./day) Cost 
| Constr Waste 
| (8) | Raw | Removed rem.) (gpd. 
\ 1939 $30,000 35 $4.7 865 3,613 8.3 
Bb } 1950 21,000 10.6 9.6 2,190 2,275 9.2 
| 1947 3,800 20.1 8.8 432 2,041 
1949 28,000 20.7 20.5 1,370 5,726 
BE | 1952 9,500 17.8 17.1 555 3,070 3.1 
F | 1950 10,000 20.3 19.4 515 6,800 1.5 
G | 1952 20,000 75 71.3 280 15,000 1.3 
H 1952 18,000 150 101.5 17 20,000 09 
Minimum 177 09 
Maximum 2,190 92 
Average 798 3.89 


! Splash plate aeration only. 
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resents construction cost only, and does 
not take into account any operating 
costs. The waste saving procedurs s ef 
fected in the data presented by Mr 
Waston would indicate a reduction in 
cost of $9,600 for 
Leonardsville, $17,000 for Cazenovia 
and $9,250 for New Woodstock. In the 
particular case of Dairymen’s League 


treatment works 


it is believed that actual plant construc 
tion cost run lower than the $800 per 
pound of daily B.O.D previously indi 
cated, because that company has stud 
ied and tried a number of designs, and 
has now evolved a standardized type 
of construction which involves a mini 
mum of new engineering for each job, 
allows cost saving by construction ex 
and provides for interchang 
and other 
llowever, the cost of $800 
B.O.D 


about what an average company should 


perience, 


ability of pumps blowers, 
equipme nt 
per pound of daily removed 

expect to pay for the construction of 


dairy waste treatment works It can 
he seen that waste saving 1s certainly 
effort 


Another relation, on a volume basi 


worth some 
ean be worked out with the same data 
A range of from $1 to $9 per daily 
gallon of waste is indicated, with an 
average of $4.00 per gallon 

In the 


product recovery, 


matter of saving by actual 
waste saving does not 
always produce a return at the full 
price of milk, but some improvement 
of plant yield is almost certain to fol- 
low an efficient waste saving program 

Mr. Watson referred to the installa 
tion of entrainment separators at the 
plant of the Hershey Chocolate Com 
pany Some additional figures on that 
The 
Hershey Chocolate Company processes 
1,000,000 Ib The 


installation may be of interest 


of milk per day 
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installation of entrainment separators 
saved 3,000 Ib. of milk and 1,000 Ib 
of sugar per day, sweetened condensed 
milk being produced at this particular 
plant. With milk at $4.00 per 100 Ib 
and sugar at $0.085 per pound, the 
daily saving of product by the sepa 
rators is about $205. 

This writer expresses full agreement 
as to the desirability of using insulated 
vans to transport milk to receiving sta- 
tions. At least in the colder parts of 


Pennsylvania, there are many days 
each winter when considerable milk is 
lost by freezing in cans transported on 
open trucks, even when using tarpaulin 
covers, The writer has observed more 
works over- 


loaded in the winter to the point of 


than one waste treatment 


ineffective operation, because of freez- 
ing on cans so transported to the plant 

The bulk pick-up system is one which 
may well have a marked influence upon 
the dairy industry, and also upon the 
Not all 
of the pollution aspects, however, are 
Unless the farmer is espe- 
cially conscientious, or fearful of the 
law, the bulk system may encourage the 


control of stream pollution. 


pleasant. 


dumping of milk wastes to the stream 


at each individual farm. ‘True, this 
would spread pollution thinner, but 
possibly not thin enough It would 


also make control much more difficult 

Finally, in almost any discussion of 
dairy waste saving there 1s introduced 
the proposition that saving can be prac 
ticed to the that 
and operation of waste treatment fa 
Yes, 


this can happen, but it is misleading 


extent construction 


cilities can be avoided entirely 


to express great optimism in this con- 
nection, or to infer that waste saving 
is the 


of cases. 


alone solution in the majority 
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BACTERIAL STUDIES IN OXIDATION OF 
PHENOLIC WASTES 


By G. E. Lynn anv T. J. Powers 


Biochemist and Sanitary Engineer, respectively, The Dow Chemical Co., 
Midland, Mich. 


Recent articles (1)(2)(3) on the bio- 
logic oxidation of oil industry phenolic 
wastes have led to the belief that the 
results of the Dow Chemical Com- 
pany’s 1936 bacterial identification 
work may even now be of some help to 
others as it was to the authors at that 
time. 

The pilot plant had operated for 
some 11 months when the study was 
made and the time for on 
large-scale facilities was drawing near. 
As a result of this study two important 
matters were resolved, as follows: 


decision 


RAW 
SE WAGE 


(2S) 


SLUDGE 


PHENOLIC WASTE 


1. There was a more confident ac- 
ceptance by management of the feasi- 
bility of biological oxidation as a treat- 
ment method for phenolic wastes. 

2. The process could be operated 
without sanitary sewage for seed, hence 
a cheaper and simpler design was pos- 
sible. 

The full-scale plant was designed and 
built so that operations began in Oc- 
tober 1937. These facilities have been 
reported previously in the literature 
(4). 

The pilot plant (Figure 1) consisted 
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FIGURE 1.—Flow sheet for phenolic waste treatment pilot plant, Dow Chemical Co., 
August, 1936. 
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FIGURE 2.—Bacterial family distribution in phenolic waste treatment pilot plant. 


of a settling tank for raw sanitary wastes. At the time of the sampling 
sewage (Unit 8), a mixing tank for for bacterial identification, the sewage 
sewage and strong phenolic wastes flow was 0.75 g.p.m., the phenolic waste 
(Unit 28), suspended media aeration flow was 0.50 g.p.m., and the perform- 
tanks (Units 8 and 10) in series, and ance of the units was as follows: 

a final settling tank (Unit 12). The 


Phenol D.O BO.D 
aeration units were the so-called Unit p.p.m.) p.p.m, (p.p.m.) 
Emscher filters, designed after Bach’s 28 7.0 0.6 193 

. 8 0.16 3.2 
early work in the Emscher Valley of : us 
10 0.16 


Germany on by-product coke oven 12 0.28 24 52 
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On August 11, 1936, samples were 
taken from the units 28, 8, 10, and 12. 
Samples 8 and 10 were taken from the 
aeration tank overflow weir boxes. It 
was considered that 30 or more isolates 
chosen at random from each of the 
units would give a good picture of 
the flora dominating in that particular 
unit. This work was done with the 
intention of definitely establishing the 
taxonomy of the flora as far as genera. 
It is probable that individual species 
will vary over a period of time, ac- 
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ing sewage. Thus, in most instances, 
the species identification is given 
merely to establish the genus under 
which the particular organism falls. 
Therefore, this paper should not be 
misconstrued to mean that any of the 
particular species herein named will 
dominate at any given time. However, 
the families and genera listed should 
correspond fairly well to the flora in 
the designated units when conditions 
are similar to those existing at the 
time these samples were taken. 


cording to the character of the incom- The organisms are listed (Tables I, 
50, 4 
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FIGURE 3.—Bacterial genus distribution in phenolic waste treatment pilot plant. 
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FIGURE 4.—Bacterial distribution in phenolic waste treatment pilot plant by 
physiological action. 
Il, with their characteristics is in accordance’ with Bergey's 
in the manner of Bergey’s ‘‘ Determi ‘Manual of Determinative Bacteriol 
native Bacteriology.’’ Those organ ogy,’’ 6th Edition. These determina 


isms which ars 


to attack phenol and similar aromatics 


are indicated 
cation was not 
Is used 


ber indicates dis 
nus All nomenclaturs 


within the ge 


known in the literature tions indicated that the predominant 


: ; microflora had their origin in the soil 
Where species identifi 


. : water that was mixed with the raw 
certain the abbreviation 


The species sub-num sewage, and it was concluded that th 
tinctly different species sewage was not necessary to the op 


eration 


64 
5 
Rie 
: 
BE 
As 
4 
wis 


PHENOLIC WASTES 


References 


1. Sheets, W. D., Hamdy, M. K., and Weiser, 3. Anon. ‘‘A True Story about Microscopic 


H. H., ‘‘Miecrobiological Studies on ‘Bugs’ Who Help Keep Streams 
the Treatment of Petroleum Refinery Clean.’’ Our Sun, Sun Oil Co., Phila 
Phenolic Wastes.’’ Tris JOURNAL, delphia, Pa. (Winter 1954). 

26, 7, 862 (July, 1954). 4. Harlow, I. F., Powers, T. J., and Ehlers, 


2. MeRae, A. D., ‘‘The Phenol Waste Prob- R. B., ‘*The Phenolic Waste Treatment 


z 
WwW 
a 
x 
WwW 
= 
@ 
a 
2 
WW 
x 
WwW 
a 


lem—Experiences in Canada.’’ Paper Plant of The Dow Chemical Company.’’ 
presented at meeting of Canadian Inst. Sewage Works Jour., 10, 6, 1043 


on Sewage and Sanitation (Oct., 1953). (Nov., 1938). 


60 


ORGANISMS FROM SOIL 


| 
+ 


| | 


|ORGANISMS FROM WATER 


| 
ORGANISMS FROM SEWAGE 
| 
| 
| 
UNIT UNIT UNIT UNIT 
2s 8 10 12 
SEWAGE AERATION TANKS EFFLUENT 
& 
WASTE 


FIGURE 5.—Bacterial distribution in phenolic waste treatment pilot plant by 
normal habitat. 
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TABLE I.-—-Summary of Organisms Found in Unit 2S (See also Figures 2, 3, and 4 


Family (Cen Spree 
sSucillaceae Bacillus ap. | 
Bacillaces Bacillu ap. 2 
2 sacillace Sacilli pseudotetanicus 
Jacillacene faciulu ap. 3 
Bacillacen« Bacillu sphaericou 
Achromobactertacen Alealigene sp. | 
| Achromobacteriaces Flavobacteriuim ap. | 
Achromobacteriacenc Flavobactertun malizooni 
Achromobacteriacen qullatuim 
| Achromobacteriacen Alcaligene faecalis 
| Psaeudomonadaces Pseudomona furcosa 
| udomonad eudomona caudata 
| Pseeudomonadacen Psaeudomona nebulosa 
Achromobacteriaceac chromobacte revenilti 
| N eisseriaceae N eiaseria ubflava 
| N eiaseriacens N eisseria flava 
Vicrococceacen Vicrococcnu pillonensi 
Mie rococcacem Vicrococeu sp 
| Micrococcacene Vicrococe i ap 2 
| Micrococeacens Sarcina ap. | 
| Mik rococcacem NSare ureade 
Known to attack phenol 
Recapitulation 
(yer Percentage of Tota 


Bacillace 


Jacillace Baciulu 2 
Achromobacteriacene 27.0 
Alcaligene 44 
Achromobacteriaceac lavobactertun 5.4 
Achromobacteriacese Achromohacter 16.2 
udomod boon Pseudomona 
Nelaseriacenc 
\Micrococ 24.2 
\Nicrococe Vicrococcn ISS 
Micrococe Sercina 5 


— 
nal 
4 
= 
= 


No. of Isolates 


TABLE Il. 


PHENOLIC WASTES 


Summary of Drganisms Found in Unit 8 (See also Figures 


Family 


Bacillaceae 
Bacillaceae 
Bacillaceae 
Bacillaceae 
Pseudomonadaceae 
Pseudomonadacese 
Pseudomonadaceae 


Genus 


Bac illus 
Bas ulus 
Bacillus 
Bacillus 


Pseudomona 


Pseudomonas 


Pseudomonas 


2, 3, and 4) 


Species 


ap. | 
circulans' 
pumilus 
sp. 3 
nehulosa 
dacunhae' 


Achromobacteriaceae Achromobacter ap. | 
Achromobacteriaceae 
Achromobacteriacese 


Achromobacteriaceae 


Achromobacter ap. 2 
Achromobacter su perficiale 
Achromohacter 

Achromobacteriaceac 
Achromobucteriacesae 
Achromobacteriaceae 
Achromobacteriaceae 
enterobacteriaceae 


Achromobacter 
Achromobacter 
Flavobacterium 
Alcaligenes faecalis 
Kscherichia gastrica 


anindolica 
Vicrococeu ap. 


acherichia 


Micrococcacese 


Micrococcaceae V icrococcus ap. 4 
Micrococeaceae V icrococeus ap 5 


Known to attack phenol 


Recapitulation 


Family (ienus Percentage of Total 
Bacilliaceae 128 
Bacilliaceae Bacillus | 
Achromobacteriaceae 33.3 
Achromobacteriaceae Alcaligenes 

Achromobacteriaceae Flavobacteriuin 
Achromobacteriaceae Achromobacte: 
Pseudomonodaceae 
Pseudomonodaceane D’seudomona 
Micrococcaceae 
M iere coccaceare 
linterobacteriaceae 


Enterobacteriaceae Eeacherichia 
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TABLE IIl.—-Summary of Organisms Found in Unit 10 (See also Figures 2, 3, and 4) 


of Isolates Family Genus | Species 


Jacillaceae Bacillus sp. 
Bacillaceac Jacillus sphaericus 
Pseudomonadacene Pseudomonas | cruciwiae' 


~ 


Achromobacteriaceae Achromobacter gquttatum 


~ 


Achromobacteriaceae 4{ chromohacter 

Achromobacteriaceae Achromobacter 

Achromobacteriaceae 4 chromobacter 

hromobac teru A ch romohacte su pe rficiale 
AY hromobacte aAcene Ac hromobacter sp 2 
Achromobacteriace: lavobacterium ap. 2 
Achromobacteriaces Alcaligenes faecalis 
Micrococcaceae Micrococcus 

Micrococcaceae Vicrococcus 

Micrococcacene Micrococcus 


—— 


Lactobacteriaceae Streptococcus 


! Known to attack phenol. 


Recapitulation 


Family jenus Percentage of Total 


Bacillaceae 15.6 
Bacillaceae Bacillus 
Achromobacteriaceae 

Achromobacteriaceae | Achromobhacter 
Achromobacteriaceae Flavohactertum 
Achromobacteriaceae 4 lcaligenes 
Pseudomonadacene Pseudomonas 
Micrococcaceae 

Mic rococcacene icrococcus 
Lactobacteriaceae 

Lactobacteriaceae Streptococcus 
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TABLE Iv.— 


| Genus Species 


No. of Isolates Family 


Bacillaceae Bacillus sp. 4 
Bacillaceae Bacillus ap. 5 
Bacillaceae Bacillus sp. | 
Pseudomonadaceae Pseudomonas cructviae' 
Achromobacteriaceae Achromobacter sp. 7 
Achromobacteriaceae Achromobacter ap. 6 
Achromobacteriaceae Achromobacter ap. 8 
Achromobacteriaceae } Flavobactertum ap. | 
Achromobacteriaceae | F lavobacterium sp. 3 
Enterobacteriaceae Escherichia coli 
Enterobacteriaceae Serratia sp. | 
Micrococcaceae Micrococcus sp 


Micrococcaceae Vicrococcus sp. 7 


' Known to attack phenol 


Recapitulation 


Family Genus Percentage of Total 


Bacillaceae 12.9 
Bacillaceae | Bacillus 12.9 
Pseudomonadacease 20.0 
Pseudomonadaceae } Pseudomonas 29.0 
Achromobacteriaceae 15.2 


Achromobacteriaceae 
Achromobacteriacese 
interobacteriaceae 
Enterobacteriaceae 
M icrococcaceae 
Micrococcaceae 


Achromobacter 
Flavobacterium 


Escherichia 
Serratia 


V icrococcus 


19.4 
25.8 


3.2 
3.2 


6.4 


TABLE V.—-General Summary of Bacteria in Phenol Waste Pilot Plant (See also Figure 5) 


Item 


Bacteria liquefying gelatin (%) 
Bacteria reducing NO; to NO, (%) 


Bacteria fermenting carbohydrates (%) 


Bacteria known to attack phenol (% 
pH of original sample 
Bacteria in original sample (10*/ml.) 


Unit 


4 
4 
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28 | K | 10 | 12 Ho: 
17.5 94 12.9 
29.7 | 12.5 12.5 | 19.3 
| 108 | 39.0 38.5 | 32.0 
751 | 753 | 753 | 7.49 
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STUDIES OF BIOCHEMICAL OXIDATION BY 
DIRECT METHODS 


IV. Effect of Toxic Metal Ions on Oxidation * 


By H 


Rutgers University, Neu 


The 


biochemical 


metal ions on 

treatment 
from the standpoint of 
separate or combined treatment of in 
dustrial 


toxicity of 
processes is 
important 
wastes, as evidenced by thi 
special review of the literature on toxic 
materials by the Research Committee 
in 1950 (4). This review compiled the 
information pertaining to toxicity of 
organic and inorganic wastes on aerobic 
and anaerobic treatment processes, on 
self-purification of streams, on the 
microflora and microfauna of streams, 
and on the B.O.D. test In all, 177 
references included under these 
Additional informa 
fortheoming 
publication of that report. 


were 
various headings. 
tion has been since the 
It is the purpose of the present paper 
to furnish information re 


varding the toxicity of metal ions on 


additional 


the oxidation of sewage and activated 
sludge-sewage mixtures and to deter 
mine the number of 
variables, such as effect of pH and the 


concentration of sewage on these phe 


influence of a 


nomena 
The development of additional tools 
of research, 


such as the manometric 


methods, since the review of the litera 
ture has facilitated greatly the study 
of this problem. Manometric methods 
successfully by the 
senior author (3) and Dawson I 


ana 
Jenkins (1) for this purpose 


have been used 


Determination of Metal Ion Toxicity 

The following procedure was used 
to determine the toxicity of several 
metal The 


* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station. 


ions in domestic sewage. 


}i#UKELEKIAN 


70 


AND I. GELLMAN 


Brunswick, N. J. 


metals used 


zine, 


nickel 


chromium, 


included copper, 
trivalent 
hexavalent chromium, and cobalt. lor 
this purpose stock solutions of copper 


cadmium, 


sulfate, nickel chloride, zine chloride, 
cadmium sulfate, chromium nitrate 
potassium chromate, and cobalt chlo 
ride were prepared. Each contained 
1 mg. per ml. concentration of the 
particular metal ion. Domestic sewage 
was obtained and filtered through cot 
ton to provide a more homogeneous 
Samples were prepared that 
90 ml. of sewage, sufficient 
stock solution to provide the desired 
metal concentration, and distilled wa 
ter to make a final volume of 100 ml 
An aliquot portion was placed in the 


sewage. 


contained 


Warburg apparatus for measurement 

of oxygen utilization at 20° C. 

The 


ion concentrations 


over 
a 5-day period metal 
studied included 
from 1 to 100 p.p.m., and in each case 


the oxygen utilization of a control sew 


range ol 


age sample was measured for purposes 
Initial pH 


ments were made to determine whether 


of comparison measure 
addition of the réagents (stock metal 
ion solutions) had altered the pH to 
such an extent as to affect the oxygen 
utilization of the sewage sample. The 
5 day B.O.D. of the filtered 
sewage from 200 to 280 
The re 
sults obtained are presented in tabular 
form, indicating the percentage of the 
control 5-day B.O.D. exerted at a given 
time interval 


cotton 
used varied 


p.p.m., during these studies 


Results 


Addition of 1 p.p.m. copper pro 
duced a significant reduction in per 


ies 
4 
A 
= 
is 
= 
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TABLE I.—Effect of Copper Concentration on 
Biochemical Oxidation' of 
Domestic Sewage 


Copper Concentration (p.p.m.) 


Time 
days | | | 

| 0 i | 2.5 5 | 10 | 25 | 50 
1 | 59| 54] 39] 3] 3] 5 
1.25 | 65| 59 | 54 | 33 | 100 | 4/5 
2 85 | 64 62 57 51 33 | 5 
96 | 70 | 67 | 64 | 61 | 56 | 5 
4 98 | 75 | 70 | 66 | 64 | 62) 5 
’ | 100 | 78 | 72 | 68 66 | 66 | 5 


Expressed as percentage of control 5-day 
B.O.D 


centage of control oxygen demand ex- 
erted (Table 1). With 2.5 p.p.m. a 
further reduction, particularly of the 
l-day oxygen demand, was effected. 
Addition of 5 p.p.m. produced a 1-day 
lag period, which was increased to 2 
days at 10 and 25 p.p.m. copper. At 
50 p.p.m. complete inhibition of bio- 
chemical oxidation resulted and no re- 
covery was evident during the 5-day 
observation period. Where marked 
initial toxie effects were observed with 
5 to 25 p.p.m. copper, a similar de- 
gree of recovery resulted, in that after 
5 days from 66 to 68 per cent of the 
control oxygen utilization had 
exerted. 


been 


Addition of 5 p.p.m. nickel produced 
a marked initial retardation with a 1- 
With 10 


lag period 


day lag period (Table II). 
p.p.m. nickel a 1.25-day 


TABLE II.—Effect of Nickel Concentration on 
Biochemical Oxidation’ of 
Domestic Sewage 


Nickel Concentration (p.p.m.) 


lime 
days j 
0 } 10 25 

I 57 | 8 x s | 5 

1.25 63 | 23 8s | 5& 

2 SO 62 48 8 5 

3 90 | 70 61 8 5 

4 06 74 65 8 5 

5 100 i6 6S s | 5 


' Expressed as percentage of control 5-day 
B.O.D. 
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resulted before the initial toxic effect 
was partially overcome. After 5 days 
both samples had recovered to such an 
extent that 76 and 68 per cent of the 
control oxygen utilization had been ex- 
erted. Addition of 25 and 50 p.p.m. 
nickel produced greater than 90 per 
cent inhibition, and no recovery was 
evident during the 5-day period. 
Small but significant reductions in 
oxygen utilization occurred upon the 
addition of 5 and 10 p.p.m. zine to 
sewage (Table III). With 25 p.p.m.a 
further decrease was observed. Addi- 
tion of 50 p.p.m. caused a 1-day lag 
period, which was increased to 1.25 
days by addition of 75 and 100 p.p.m. 
zine. Recovery from the initial toxic 
effects was obtained at all added zinc 
concentrations ; therefore, at 100 p.p.m 
zine 60 per cent of the control oxygen 
utilization was obtained in 5 days. 
Addition of 5 p.p.m. cadmium re- 
sulted in a small but significant reduc- 
tion in oxygen utilization (Table IV). 
This reduction was still greater with 
10 p.p.m. cadmium. A 1-day lag pe- 
riod was obtained at 25 p.p.m., while 
addition of 50 p.p.m. caused a 2-day 
lag period. Addition of 75 p.p.m. pro 
duced an inhibition of oxygen utiliza- 
tion greater than 90 per cent for the 
entire 5-day period. Recovery from 
initial toxie effects caused by 10 to 50 
p.p.m. cadmium was obtained, so that 
the 5-day oxygen demand was from 75 


TABLE III.-Effect of Zinc Concentration on 
Biochemical Oxidation’ of 
Domestic Sewage 


Zine Concentration (p.p.m 


| 0 b 10 25 50 | 75 100 
1 | so] 50} 45/33] 8] 5] 5 
1.25 | 65| 58 | 58 | 51 | 351121 6 
2 85 | 66 | 67 | 60 | 53 | 46 | 29 
3 | 96 | 77 | 77 | 67 | 61 | 57 | 49 
4 98 | 85 | 85 | 73 | 68 | 63 | 56 
5 | 100 | 88 | 88 76 | 72 | 65 | 60 


' Expressed as percentage of control 5-day 
B.O.D 
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TABLE IV.-—-Effect of Cadmium Concentration 
on Biochemical Oxidation' of 
Domestic Sewage 


Cad ( entratior 
Time | 
jay 
57 16 32 j 
64 61 58 j 
G0 70 67 68 22 1 
{ OH 77 73 66 1% 6 
5 100 78 67 61 


| 


percentage of control 5-day 


Lo 6] pel cent 


contro! OXY rer 


respectively, of the 
utilization 
Concentrations up to 10 p.p.m. ol 


trivalent chromium produced little ef 


fect on oxygen utilization, while 25 
p.p.m. resulted in a considerable re 


duction initially which was overcome as 
the time (Table V 
ults were obtained 


interval increased 
Similar with 50 
p.p.m. chromium, differing only in that 


the recove 


I as more gradual. Ad 
dition of 75 p.m chromium allowed 
some initial oxygen utilization but 


first 
concentration, inhibition 


( omplete inhibition 
day \t thi 


of oxygen utilization was 82 per cent 


beyond the 


for the 5 day pe riod 
The effect of 
tions of hexavalent chromium on OXY 


Increasing concentra 
ven utilization of sewage is a gradual 


one, and a concentration of 100 p.p.n 


lrABLE V.—Effect of Trivalent Chromium Con- 
centration on Biochemical Oxidation 
of Domestic Sewage 


Iriva t Chromi Concentrat 
lin 
(day 
0 10 ) 

l 56 | 55 20 18 
2 82 8] ‘7 | 34 18 
; 92 | 90 | 72 58 18 
| o7 | | 67 18 
) 100 100 SO | 73 LS 


Expressed b-day 


° is percentage of control 
B.O.D 


AND INDUSTRIAL WASTES 


TABLE VI. 


January, 1955 


Effect of Hexavalent Chromium 
Concentration on Biochemical 
Oxidation' of Sewage 


Hexavalent Chromium ¢ ntration 
Time pt 
lave 

0 10 0 75 100 
0.75 17 10 32 26 18 12 
| 55 | 49 50 39 34 
2 79 68 62 56 
| 871] 81 67 61 61 61 
90 71 65 64 
5 | 100 07 90 85 70 67 


' Expressed as percentage of control 5-day 


B.0O.D 


sufficient to 
toxic effect 
inhibition 


is not exert a complete 
(greater than 90 per cent 
Table VL). At 100 p.p.m 
a 0.75-day lag period is observed, but 
this is overcome rapidly so that after 
1 day 34 per cent of the control 5-day 
oxygen utilization has been exerted 


After 


67 per cent of the control sample. 


» days the oxygen utilization is 


Addition of 5 p.p.m. cobalt produces 
a marked initial retarding effect which 


is gradually reduced with increased 


time (Table VII Kven greater in 
itial retardation is obtained with 10 
p.p.m., and at 25 ppm. a 2-day lag 


After 
per cent of the control oxygen utiliza 
tion Addition of 50 
p.p.m. cobalt causes complete inhibi- 
tion of oxygen utilization (greater than 


period is observed 5 davs 50 


was exerted 


40 per cent 


TABLE VII.-—Effect of Cobalt Concentration 
on Biochemical Oxidation' of Sewage 
at Varying Time Intervals 


Cobalt Concentra 

Pim 
ia 

0 ) 10 25 na) 
0.75 | 48 18 
| 56 30 17 5 | 6S 
2 SO 56 17 s 6 
7 xu 64 56 25 5 
| U5 70 60 12 5 


5 100 76 64 | 50 6 


' Expressed 
B.O.D 


8 percentage ol control 5-day 


2 
We 
at 
on 
‘Expressed 
B.0.D 
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is 
4, t 
~" 
| 
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TABLE VIII.—-Determination of Added Metal lon Concentration! Required to Produce 10, 50, 
and 90 Per Cent Reduction of Biochemical Oxidation of Domestic 


Sewage at 1- and 5-Day Intervals 


Reduction of Biochemical Oxidation (% 


Metal Ion Added 10 Per Cent 


1-Day 5-Day 
Copper 
Nickel 
Zine 3 3 
Cadmium 3 3 
Trivalent Cr 12.5 20 
Hexavalent Cr 10 25 
Cobalt 


SO Per Cent 0 Per Cent 


1-Day 5-Day 1-Day 5-Day 
5 5 45 
; 15 5 25 
62.5 60 100 
10 55 35 75 
17.5 62.5 100 100 
100 100 100 100 
5 25 20 42.5 


' Results given as p.p.m. metal ion concentration 


In Table VIII, data from previous 
tables are compiled showing the per- 
centage retardation of control oxygen 
utilization after 1 and 5 days. Using 
the data for 1 day, the order of de- 
metal toxicity nickel, 
copper, cobalt, cadmium, zine, trivalent 
chromium, and hexavalent chromium. 
Using the 5-day data, the order of tox- 
icity is changed somewhat so that the 
picture is as follows: nickel, copper, 
cobalt, cadmium, trivalent chromium, 
zinc, hexavalent chromium. In each 
case the concentration of added metal 
ion needed to obtain a particular de- 
gree of retardation of oxidation is in- 
creased as the time interval is in- 
Taking the data for nickel as 
an example, 3 p.p.m. were sufficient to 


creasing Was 


creased. 


cause 50 per cent reduction of oxygen 
utilization for 1 day, whereas 15 p.p.m. 
were needed for the same degree of 
retardation after 5 days. 

In order to illustrate that it is pos 
sible to develop a flora capable of 
oxidizing sewage in the presence of 
increasing higher added concentrations 
of toxic metal ions, the following ex 
periment is given. Concentrations of 
25 and 75 p.p.m. of copper and tri 
valent chromium were added to each 
of four sewage samples and the oxida 
tion rates determined in the Warburg 
apparatus for a 5-day period. New 
samples containing the added 
metal concentrations .were then pre. 
pared and seeded with 25 per cent by 
volume of the respective samples in the 


same 


TABLE IX.—-Effect of Adaptation of Seed on the Toxicity of Trivalent Chromium 
and Copper Added to Sewage' 


Sample 

1 
Control 54 
Chromium 25 p.p.m., Ist passage 19 
Chromium 25 p.p.m., 2nd passage =| 44 
Chromium 75 p.p.m., Ist passage 12 
Chromium 75 p.p.m., 2nd passage | 49 
Copper 25 p.p.m., Ist passage 15 
Copper 25 p.p.m., 2nd passage 56 
Copper 75 p.p.m., Ist passage 13 
Copper 75 p.p.m., 2nd passage 18s 


' Expressed as percentage of control 5-day 


Days 
2 3 | 4 7 
76 8S 95 100 
19 62 69 74 
65 71 78 | 83 
45 56 64 80 
73 81 92 
56 63 67 71 
93 05 06 
12 13 12 14 
18 18 30 63 


B.O ). exerted 
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74 
first passage (the 75-p.p.m. metal sam 
ple for the second passage being seeded 
from the 25-p.p.m. metal sample of 
the first passage). The new samples 
were similarly incubated in the War 
burg apparatus for 5 days. The r 
sults (Table IX) are compared with 
those of the first passage to determine 
whether any increase in oxidation (de 
crease in toxicity) occurred. The re 
sults show that on the second passage 
higher oxidation rates were obtained 
with each metal concentration. In the 
case of 25 p.p.m. copper some stimu 
latory effect was observed as indicated 
by a rate of oxidation higher than that 
of the control upon the second passag 


Effect of Peptone Addition on 
Toxicity of Cobalt 


To determine the effect of an in 
crease in organic matter concentration 
in sewage on the toxicity resulting 
from several cobalt additions, peptone 
was added in varying concentrations 

Using a relatively weak cotton-fil 
tered domestic sewage, three ‘‘sew 
ages’’ were prepared, as follows: 

1. Sewage alone 

2. Sewage plus 150 p.p.m. peptone 

3. Sewage plus 300 p.p.m. peptone 
Using each sewage, three samples were 
prepared containing 0, 10, and 25 
p.p.m. cobalt; aliquot portions of all 
nine samples were placed in a War 


burg apparatus for measurement of 


oxygen utilization at 20° C over a 5 
day period 


SEWAGE AND INDUSTRIAL WASTES 


January, 1955 


The results (Table X) show that 
addition of peptone did not decrease 
the toxicity of the concentrations of 
cobalt employed. While the total oxy- 
gen utilization at 10 p.p.m. cobalt ad- 
dition increases as the peptone concen- 
tration increases (52 p.p.m. with 
sewage alone, compared to 105 p.p.m 
with sewage plus 300 p.p.m. peptone), 
actually the percentage of the control 
oxygen demand exerted in 5 days de- 
creases. In general, the toxic effect 
produced by each cobalt concentration 
remains unaltered; namely 10 p.p.m. 
produces a partial degree of inhibition, 
while 25 p.p.m. causes greater than 90 
per cent or complete inhibition of 
oxygen utilization during the 5-day 
period, 


Effect of Sewage Concentration on 
Metal Ion Toxicity 


Several experiments were carried out 
to determine whether the strength or 
coneentration of sewage used was a 
factor affecting the degree of inhibi- 
tion produced by a particular added 
metal ion concentration. 

Using cotton-filtered domestic sew- 
age with 300 p.p.m. 5-day B.O.D., three 
sewage samples were prepared contain- 
ing 100, 50 and 25 per cent sewage by 
volume. Using each sewage concentra- 
tion, three samples were prepared con- 
taining 25, 50, and 75 p.p.m., respec- 
tively, of trivalent chromium. The 
same procedure was followed using a 
sewage with 455 p.p.m. B.O.D. and 
copper concentration of 25, 50, and 75 


TABLE X.-—Effect of Addition of Varying Quantities of Peptone on Toxicity’ of Several 
Concentrations of Cobalt in Domestic Sewage 


(days) 


9 | 5 104 
2 S4 26 5 174 
4 12 7 192 
4 51 199 
5 MZ | 12 | 215 


+150 P.P.M. Peptone 


Sewage +300 P.P.M. Peptone 


10 25 | 0 10 | 25 


7 9 134 | 14 9 


39 9 964 | 77 12 
65 9 298 | ss | 10 
70 319 96 | 10 


72 7 335 105 | 10 


' Results expressed as p.p.m. oxygen utilized 
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TABLE XI.—Effect of Sewage Concentration on Toxicity of Trivalent Chromium and Copper ' 


Sewage Concentration (%) 


Time 
(days) 
Added Metal Concentration 


75 25 


(a) CHROMIUM 


34 
10 
47 


(b) Copper 


56 7 4 

82 52 18 

91 58 57 | 

95 | 60 59 | 
100 63 63 


1 Expressed as percentage of control 5-day B.O.D. exerted. 


p.p.m. The pH of all samples was 
adjusted to 6.5 and aliquot portions 
were placed in a Warburg apparatus 
for measurement of oxygen utilization 
at 20° C. for 5 days. The results ob- 
tained, corrected for concentration of 
sewage employed, and expressed as 
percentage of 5-day control B.O.D. ex- 
erted at a given time interval, are 
given in Table XI, which shows that 
at 100 per cent sewage concentration 
none of the chromium concentrations 
produced 90 per cent inhibition, al- 
though as the concentration was in- 
creased from 25 to 75 p.p.m. the in- 
hibition of 5-day B.O.D. increased from 
25 to 55 per cent. When the sewage 
concentration was decreased to 50 per 
cent, the toxic effect of each chromium 
concentration was greatly increased, 
and 75 p.p.m. produced greater than 
90 per cent inhibition. At 25 per cent 
sewage concentration the toxicity of the 
three chromium concentrations was in- 
creased still further, and 50 p.p.m. was 
sufficient to produce greater than 90 
per cent inhibition of 5-day B.O.D. 


The results obtained when copper 
was used show a similar trend. At 
100 per cent sewage none of the copper 
dosages produced 90 per cent inhibi- 
tion, although an increase in copper 
concentration from 50 to 75 p.p.m. 
lengthened the lag period from 1 to 
2 days. With 50 per cent sewage, how 
ever, 90 per cent inhibition was ob- 
tained with both 50 and 75 p.p.m 
copper. With 25 per cent sewage there 
was a marked increase in toxicity of 
25 p.p.m. copper, resulting in 90 per 
cent inhibition of 5-day B.O.D. 

To determine whether a proportion 
ate decrease in both sewage and added 
metal concentration resulted in the 
same toxic effect, the following experi 
ment was conducted. Samples of cot 
ton-filtered sewage were prepared con 
taining sewage concentrations of 100, 
50, and 25 per cent. Two concentra- 
tions of each of two metal ions (copper 
and cobalt) were studied at each sew 
age concentration. At 100 per cent 
sewage, 80 and 20 p.p.m. cobalt or 
copper were used; with 50 per cent 


| 
| 
: 
100 50 25 
p.p.in,) 
| 
l | 57 | 31 | 10 5 
2 81 51 34 28 13 3 3 3 | 3 Par 
3 | 92 61 46 | 34 28 3 oor. 3 a 
| 9% | 67 | 52 41 33 3 | 4 
5 100 73 56 45 | 37 3 Se 1.8 5 * 
| 
| 
5 | 4] 4 3 (| 3 
3 | 42 55 | | 
5 | 61 | | 11 
k 
i 
i 
+3 
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40 and 10 
per cent concentration, 20 and 5 
The (Table XII) are 


expressed as cumulative percentage of 


sewage p.p.m.; and at 25 


results 


control 5-day oxygen utilization, with 


all values corrected for variation in 
ewaye 


The 


p.m 


concentration 

obtained in the 80-40 
cobalt 
decrease in toxic 


results 


series show a slight 


effect as the sewage 
is decreased. All 


2-day 


metal concentration 


three samples showed at least a 


lag period before oxidation began, and 
all levelled off at 
of 5-day control 
the 20-10—5 p.pm 
form toxic effect was observed in each 
l-day lag period 
and a levelling off of oxygen utilization 


around 50 per cent 
demand In 
cobalt series a uni- 


oxygen 


sample (namely a 
at 67 per cent of 5-day control oxygen 
demand). The 80-40-20-p.p.m. copper 
series gave uniform results, almost com 


plete inhibition of oxygen utilization 


TABLE XIl.-—-Effect of Proportionate Dilution 
of Sewage and Cobalt and Copper Con- 
centration on Toxic Effect 
Produced ' 


ave Concentration 


100 100 25 100 
Time 
days 
Metal lon Concentration 
(a) COBAL1 
| 
2 77 $8 2 
12 25 54 56 
(b) COPPER 
2 77 i} | 10 40 
OW 10 10 hl 52 
i 4 11 10 10 55 57 56 
5 100 l4 12 12 60 64 64 


Expressed i” 
BOLD. exerted 
Control 


percent we ol control 5-day 
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being observed in all three samples 
Again, in the 20-10—5-p.p.m. copper 
uniform results obtained 
namely a l-day lag period and a 
levelling off of oxygen utilization at 
63 per cent of the 5-day control oxygen 


series were 


demand 


Effect of pH on Metal Ion Toxicity 


Another factor studied to determine 
its effect on metal ion toxicity in sew 
age was pH. It is well known that 
the solubility of metal ions is affected 
by pH. It is, conceivable 
that toxic effects produced by these 
would be affected by the pH of 


therefore, 


the substrate 

A study was made of the effect of 
initial pH of sewage on the toxicity of 
several concentrations each of copper 
Each metal 
was studied at two concentrations: cop 


and trivalent chromium 


and trivalent 
25 and 75 p.p.m. The 
specified metal ion concentration was 
added to samples of cotton-filtered 
sewage and the initial pH adjusted to 
values of 5, 6, 7, and 8. The toxic 
effects produced were evaluated by 
measuring oxygen utilization of ali 
quot samples over a 5-day 
20° C 


per at 25 and 50 p.p.m., 
chromium at 


period at 
in a Warburg apparatus. The 
effect of initial pH in the absence of 
toxic for the 
Decrease in pH to 
5 had no effect on the oxygen demand 
of the other 
cause a 


metals was determined 


same pH range 


than to 
stimulation of 
The 


expressed as cumulative percentage of 


control sewage 
initial 


utilization 


small 
oxygen results are 
5-day control oxygen demand exerted 
at different time intervals 

The results with copper 
(Table XIII that as the initial 
pH is increased from 5 to 8, the toxic 
effect 


p.p.m. added copper ion is decreased 


obtained 
show 
produced by either 25 or 50 
Thus, in the 25-p.p.m. series, there is # 
5-day lag period at pli 5, a 2-day lag 
period at pH 6, and a 1-day lag period 
at pH 7 and 8 before oxidation of the 


sewage begins. 


In the 50-p.p.m. series, 


be 

ws 

4 

: 

5 

= 
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TABLE XIII.—Effect of Initial pH on Toxicity' of 25 and 50 P.P.M. Copper 
Added to Domestic Sewage’ 


| Control 25 P.P.M. Copper 50 P.P.M. Copper 


(days) | | 
| pHs | pH7 pHs5 pH6 pH?7 pHs | | pH 6 pH?7 pHs 
60 | 55 x 2 
‘ 2 83 | 7 | 7 4 40 7 6 | 4 | 10 
3 Si 4 , | SS 56 55 8 30 28 47 
4 101 | 96 8 | 5 | @ 58 8 4} 45 55 
5 105 | 100 | 16 | 60 62 60 x 52 53 | «(59 
‘ 6 109 103 | 42 65 65 63 50 59 | «(61 


' Expressed as percentage of 5-day control oxygen demand exerted 
* With 5-day B.O.D. of 245 p.p.m. 


the toxie effects produced at each pH chromium (Table XIV) follow a simi- 
are all greater, but the same trend is lar pattern. In both experiments (25 
evident. At pH 5, complete inhibition and 75 p.p.m. chromium added) a 
(greater than 90 per cent reduction critical range was observed between pH 
of oxygen demand) was obtained over 6 and 7. _ Initial stimulatory effects 
the 6-day period. At pH 6 the lag similar to those obtained in the copper 
period was of 2-day duration, similar experiments were observed at pH 5 
results being obtained at pH 7 and 8. and 6. Successively shorter lag pe- 
In both series a slight initial stimula-  riods were observed as the pH was 
tory effect was observed at the lower increased from 5 to 8 for a given con- 
pH values 5 and 6, equal to the dif- centration of chromium added. At pH 
ference in 1-day oxygen demand of the 7 and & nearly identical oxygen de 
control samples at pH 5 and 7. This mand results were obtained at each 
indicates that the effect is of a chemi- time interval over the 5-day period 
cal nature and caused by the lowered In both series the oxidation curves for 
pH. The critical pH range over which pH 7 and & samples level off after 
there was a marked change in effective- overcoming the initial lag at 75 to 80 


ness of a given copper dosage fell be- per cent of the control 5-day oxygen 
tween 5 and 6.5 in both series of ex- demand. 
periments. Where the lag period was To explain the variation in toxic 


overcome the oxygen demand curves effects produced by a given concen 
levelled off at about 60 per cent of tration of copper at different pli 
the 5-day control oxygen demand. values, a study was made of the solu 

The results obtained with trivalent bility of copper in sewage over the 


TABLE XIV.—Effect of Initial pH on Toxicity' of 25 and 75 P.P.M. Trivalent 
Chromium Added to Domestic Sewage’ 


25 P.P.M. Chromium 75 Chromium 
lime Control 
(days pH7 
pH 5 pH 6 pH?7 pHs pH 5 pH 6 pis 

l 54 9 0 19 | 30 20 14 12 10 
2 76 10 16 49 | #52 18 13 15 3 
3 | ie 62 66 18 13 55 58 
4 95 27 23 69 73 | 17 12 O4 65 
5 100 37 25 | 74 | 78 18 13 80 71 


' Expressed as percentage of 5-day control oxygen demand exerted 
With 5-day B.O.D., of 150 p.p.m, 
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pH range 4 to 8. The procedure used 
was to add the desired copper concen 
tration to the sewage, adjust the pH, 
agitate allow to stand several 
and filter through No. 2 paper 
clear filtrate. Residual 


‘copper was determined by diluting a 


and 
minutes 
to produce a 
given sample volume to 50 ml., adding 
2 mi. of 1:5 water, 1 ml 
sodium diethyl-dithiocarbamate, allow 


ammonia 


ing the vellow-orange color to develop 
and measuring the transmittancy with 

Two initial 
(100 and 20 
cotton-filtered 


the electrophotometer 
copper concentrations 
and 
sewage was employed 
The results obtained are given in 


Table XV At pif 4, all the added 


copper was in solution, but as the pH 


p.p.m were ed 


increased the copper remaining in so 


lntion decreased. <A critical region was 
observed between pH 5 and 6.5, where 
the copper solubility dropped sharply 
toward a final 
These re 
only 


cropper r 


value around 5 p.p.m 
how that at pH 7 and 
a small portion of the added 


nits 


remains in solution. There is 


a definite correlation between the in 
itial pH range for copper toxicity and 
olubilits that the 


explanation for the increased toxic ef- 


copper suggesting 
fect produced hy a given copper dosage 
due to the 
vreater solubility of copper at low pH 


at lower plIl values is 


Toxicity of Metal Ions Added to 
Sewage Activated Sludge 
Mixtures 


To supplement the results presented 
in the section dealing with the effect of 


seven toxic metals on biochemical oxi 


dation of sewage, a similar series of 


experiments was conducted using do 
mestic sewage-activated sludge mixed 
liquor as the test substrate. The metal 
ions used were copper, nickel, zine, 


cobalt, trivalent chromium, 
hexavalent chromium. Each 
studied the concentration 


from 5 to 100 p.p.m 


cadmium, 
and was 
over range 

Return activated sludge was obtained 
from an activated sludge plant and 
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TABLE XV.—Solubility of Copper in Sewage 
at Various pH Values 


Copper Solubility (p.p.m.) 


Adjusted 


pl Init. Cu Init. Cu =20 

4 100 | 20 

5 85 15 

6 43 5.6 

7 10 5.5 

5 5.2 


maintained in the 
aeration 


laboratory in an 
eolumn by feeding with 
screened sewage once each day and 
aerating at a sludge solids concentra 
tion of 2,000 p.p.m. suspended solids 
After each aeration period the mixed 
liquor was settled and the supernatant 
decanted. Fresh added 
and the procedure was repeated. This 
procedure was followed for three days 
before the sludge 
mentally 


sewage Was 


was used experi- 

Samples were prepared by drawing 
sludge from the aeration column, de 
termining its approximate suspended 
solids concentration by centrifugation 
and making up the sample to contain 
the desired metal ion concentration, 70 
per cent sewage by volume, and suffi- 
cient sludge to give a suspended solids 
concentration of 2,000 p.p.m. An ali- 
quot portion was placed in a Warburg 
apparatus for measurement of oxygen 
utilization over a 24-hr. period at 
20° C. The rates of oxygen utiliza- 
tion of control samples containing 
2,000 sludge solids and 2,000 
p.p.m. solids plus sewage were meas 
ured 


p.p.m 
simultaneously in each experi 
ment. 

The these experi- 
ments may be considered as well-oxi- 
dized, since its first-hour oxygen de- 
mand averaged 70 p.p.m. for each per 
cent of suspended solids. It settled 
readily and no difficulty was encoun 
tered in separating sludge and super 
natant liquor. 

The results taken as a whole (Tables 


XVI, XVII, XVIII, XIX, XX, XXII, 


sludge used in 


‘ay, 
— 
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TABLE XVI.—Effect of Copper on Oxidation of Activated Sludge-Sewage Mixed Liquor' 


Copper Added (p.p.m.) 


Sludge 


ae 
| 


~ 


| 
| 
| 


bt 


' Expressed as percentage of 21-hr. oxygen demand of control mixed liquor 


TABLE XVII.—Effect of Nickel on Oxidation of Activated Sludge-Sewage Mixed Liquor’ 


Nickel Added (p.p.m.) 


Sewage plus 
10 5 


6 
15 10 
31 19 
40 3: 24 
2: 100 68 42 | 


' Expressed as percentage of 22-hr. oxygen demand of control mixed liquor. 


TABLE XVIII.—Effect of Cadmium on Oxidation of Activated Siudge-Sewage Mixed Liquor ' 


Cadmium Added (p.p.m.) 
Sewage plus 


Time 
| Sludge 


(hr.) Sludge 


50 


| 
| 
5! 


' Expressed as percentage of 22-hr. oxygen demand of contro] mixed liquor. 


TABLE XIX.—Effect of Trivalent Chromium on Oxidation of Activated 
Sludge-Sewage Mixed Liquor' 


Trivalent Chromium Added (p.p.m.) 
Sewage plus 
Sludge 


Time 


(hr.) Sludge 


10 
20 17 
32 29 
42 38 
51 47 33 
100 91 53 


Expressed as percentage of 26-hr. oxygen demand of control mixed liquor. 
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7 19 is | 14 12 
at 13 32 29 22 17 15 16 — 
19 4 39 | 30 22 18 18 a 
24 55 49 37 
| | 56 100 92 57 4) 24 
| | 
Time 
(hr.) | 
5 5 
13 12 a 
13 
| 27 21 
| 
i 
5 10 | 25 | 100 
3 9 7 7 6 | 
2 5 15 14 13 9 1 er 
4 12 31 28 26 18 | 16 
6 16 40 38 87 25 18 
22 50 100 89 | 86 74 | 30 a 
| 
| 
5 10 25 50 100 AS 
1 | 3 9 4 
| 6 13 
4 8 15 
6 12 17 ae 
26 | 42 26 <a 
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and XXII) show that whatever toxic 
effects were produced at the higher 
metal ion concentrations were not im 
mediately apparent during the first 
hour of aeration. In almost all cases 
the oxygen utilization by samples con 
taining 100 p.p.m. of metal ion was 
practically equal to that of the control 
sample during the first hour, but as 
oxidation proceeded the differences be 
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came more noticeable. This trend is 
also shown by the data in Tables XXIII 
and XXIV, where a comparison of the 
various metals is made on the basis 
of the percentage exertion of control 
oxygen demand at 6 hr. and 1 day. 
In no case was a 90 per cent sup- 
pression of the oxygen demand of the 
control sample obtained. The greatest 
degree of inhibition resulted with 100 


TABLE XX.—Effect of Hexavalent Chromium on Oxidation of Activated 
Sludge-Sewage Mixed Liquor' 


Sludge 
4 10 10 
2 6 20 19 
1 32 2) 
6 12 12 
s 15 51 16 
26 42 100 5 


Hexavalent Chromium Added (p.p.m 


10 25 50 100 
9 6 
17 15 15 16 
26 23 22 23 
35 $1 27 29 
13 35 
00 78 71 64 


hixpressed as percentage of 26-hr. oxygen demand of control mixed liquor 


TABLE XXI.—Effect of Cobalt on Oxidation of Activated Sludge-Sewage Mixed Liquor' 


Sludge 
12 11 
17 
22 16 
26 av 
i2 $7 73 6S 
25 57 100 su 


Cobalt Added (p.p.m 


10 25 50 100 
11 10 7 
5 27 22 16 
42 46 20 24 
53 5 36 24 
67 60 50 34 
RY 80 72 55 


Expressed as percentage of 23-hr. oxygen demand of control mixed liquor 


TABLE XXII.—-Effect of Zinc on Oxidation of Activated Sludge-Sewage Mixed Liquor' 


l 7 12 11 

4 17 33 
6 22 16 15 
26 59 57 

12 37 73 72 
23 57 100 06 


Zine Added (p.p.m 


10 25 100 
11 7 7 
32 27 18 12 
36 23 14 
56 15 29 17 
71 61 38 23 
81 57 38 


‘ Expressed as percentage of 23-hr. oxygen demand of control mixed liquor 
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TABLE XXIII.—Oxygen Demand Exerted' by 
Various Metals at Different Concentra- 
tions on Activated Sludge-Sewage 
Mixed Liquor 


| Added Metal Concentration 
| (p.p.n.) 
Meta! Added | 
| 5 | 10 | 25 | 50 | 100 
Copper 89 | 68 | 50 | 41 | 41 
Nickel | 83 | 60 | 45 | 35 | 32 
Cadmium | 95 | 92 63 43 45 
Zine OS 96 | 79 50 31 
Cobalt 94 | 91 | 78 | 63 | 52 
Chromium, triv 91 | 81 | 72/41 


Chromium, hexav. | 91 | 83 | 74 | 65 | 69 


! Expressed as percentage of 6-hr. oxygen 
demand in control mixed liquor. 


p.p.m. of nickel; namely, 79 per cent 
reduction of control oxygen demand 
(Table XXIV). This was in contrast 
to previous results obtained with sew- 
age alone, where using a 5-day period, 
90 per cent inhibition of oxygen uti- 
lization was frequently obtained with 
samples containing less than 100 p.p.m. 
of added metal ion. 

Using the data in Table XXIV, the 
following decreasing order of toxicity 
of metal ions added to sewage-activated 
sludge mixed liquors was obtained: 
nickel, copper, trivalent chromium, 
cadmium, zinc, cobalt, and hexavalent 
chromium. These results are similar 
to those obtained for sewage alone, 


TABLE XXIV.—-Oxygen Demand Exerted' by 
Various Metals at Different Concen- 
trations on Activated Sludge- 

Sewage Mixtures 


| Added Metal Concentration 
| (p.p.m.) 

Metal Added 


5 | 10 | 25 | 50 | 100 


Copper 92 | 76 | 57 | 41 | 24 
Nickel | 88 | 68 | 42 | 27 | 21 
Cadmium | 88 | 85 | 73 | 55 | 30 
Zine | 96 | 94 | 81 57 | 38 
Cobalt 89 | 89 | 80 | 72 | 55 
Chromium, triv. | 90 | 88 | 74 | 53 | 26 
Chromium, hexav. 9 90 | 78 | 71 | 67 


! Expressed as percentage of 24-hr. oxygen 
demand in control mixed liquor. 
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with the exception that the positions 
of trivalent chromium and cobalt are 
reversed. 


Discussion of Results 


Previous studies of metal toxicity in 
aerobic treatment processes 
have primarily been of two types, in- 
volving either addition of known 
amounts of toxic metals to sewage be 
ing treated by trickling filters or acti- 
vated sludge units and measuring the 
effect on treatment efficiency, or adding 
various concentrations of metal ions 
to diluted sewage to determine the ef- 
fect on the 5-day oxygen demand by 
the standard dilution method. 

The method used in this work has 
the advantage of recording the effect 
of metal ions on a basic phenomenon 
involved in aerobic sewage or waste 
treatment; namely, the effect on the 
rates and extent of oxidation of the 
substrate to which the metal ion has 
been added. In addition, certain diffi- 
culties attendant on the use of the dilu- 
tion method, other than the difference 
in sewage concentration employed, are 
avoided, particularly the precipitation 
of added metal ion by the high concen 
trations of phosphate or bicarbonate 
buffer used in the mineralized stand- 
ard dilution water, which make it diffi 
cult to translate the results to treat- 
ment conditions. 

While the magnitudes of toxic effects 
obtained by addition of various metals 
to domestic sewage differ for equal 
metal concentrations, the results did 
fall into a general pattern, as follows: 
Low concentrations of metals produce 
slight initial toxie effects, which be- 
come more pronounced toward the end 
of the 5-day oxidation period. This 
decrease in total 5-day oxygen demand 
may be caused by removal of oxidizable 
material by means of chemical coagu- 
lation. As the metal ion concentration 
is increased there is an increase in the 
initial retardation of oxygen demand, 
which may extend over several days, 
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followed by a period of recovery where 
the rate of oxidation may be as great 
as that for the control sewage sample 
during the first day of oxidation. This 
is followed by a levelling off of oxida- 
tion at about 65 per cent of the 5 
day control oxygen demand 

As with the lower metal concentra 
tions, the percentage value coincides 
with the accepted maximum B.O.D. re 
moval obtained by chemical coagula 
tion; namely, 35 per cent or one third 
of the B.O.D. Finally, as the metal 
concentration is increased still further, 
a point is reached where complete in 
hibition of sewage oxidation for the 
The results 
obtained with copper addition may be 


5-day period is obtained 


this re 
spect. The characteristic shape of the 


considered as characteristic i 


oxygen demand curve at metal ion 
coneentrations of intermediate toxicity 
is sigmoid, and the same description 
can be applied to the curve which re 
lates 5-day oxygen demand to metal 
concentration if a semilogarithmic plot 
is used 

The results obtained indicate that 
the toxic effects observed are a result 
ant of several factors, including the 
following 


1. Removal of oxidizable materials 
from solution by chemical coagulation 

9 Reduction in bacterial numbers 
by chemical coagulation. 

8 Direct toxie action on certain es 


sential functions of the cells 


The differences in toxie effects pro 
duced by the various metals may be a 
result of the nature of the enzyme 
systems affected by the particular 
metal added 

A comparison of the extent of oxi- 
dation after 1- and 5-day incubation 
reflects the recovery of oxidation that 
is frequently observed after an initial 
reduction of oxygen demand. 

A comparison of the magnitude of 
metal concentrations found to be toxic 
in this work with the results of other 
investigators is difficult, owing to the 
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difference in methods used, and to 
the buffer interference encountered 
in the standard dilution method. 

An increase in the concentration of 
oxidizable matter in sewage by addition 
of peptone did not decrease the toxicity 
of the metal cobalt ion, as might have 
heen expected owing to possible inter- 
action of the cobalt with the nitrog 
enous material, thus reducing the con- 
centration of cobalt remaining to act 
upon the sewage microorganisms. 
Similar toxie effects were produced at 
each cobalt concentration, indicating 
that interaction of cobalt with the 
added material was of no importance 
in determining the resultant toxic ef- 
fects. 

Variation in sewage concentration 
had a marked effect on the toxic effect 
produced by a particular metal con 
centration. As the sewage was diluted 
the toxicity of the metal concentration 
increased. Where both the sewage and 
metal ion concentration were reduced 
in the same proportion, the same de- 
gree of retardation resulted. This in- 
dicates that the ratio between metal 
concentration and some characteristic 
of the sewage, such as alkalinity or 
numbers of organisms, is of prime im- 
portance in determining the resulting 
toxic effect 
obtained working with three members 
of the group of metals (copper, tri- 
valent chromium, and cobalt), they are 
believed to apply to the entire group. 

The pH of the sewage to which the 
metal is added was found to be of 
major importance in determining the 
toxic effect produced 


While these results were 


The explana 
tion for this lies in the variation in 
metal ion solubility at different pH 
values. As the pH was increased from 
4 to 8 there was a decrease in toxicity 
of given concentrations of copper and 
trivalent chromium. Each metal exhib- 
ited a specific pH range through which 
there was a sharp change in the toxic 
effect produced, and in the case of 
copper this range (pH 5 to 6.5) co- 
ineided with the eritical range over 
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which there was a sharp change in 
copper solubility. 

The range of metal concentrations 
used in the sewage and activated 
sludge experiments was selected be- 
cause work by other investigators con- 
ducted under field conditions fell into 
the same range (5 to 100 p.p.m.), 
probably because these concentrations 
have encountered in the field. 
The activated sludge results were simi- 
lar in trend to those for sewage alone, 
in that increased metal concentrations 
produced increasing degrees of retarda- 
tion of oxidation of the mixed liquor. 
The extent of retardation, however, was 
never as great as that obtained with sew- 
age alone. This can be attributed to the 
far greater concentration of organisms 
and organic residues present in the 
sludge-sewage mixture than in the sew- 
age. While the extent of retardation 
was less in the activated sludge than 
for alone, the same general 
order of toxicity of the metals added 
was observed, as would be expected. 

A significant feature of the activated 
sludge results, as contrasted with the 
sewage results, was that the degree of 
retardation became more pronounced 
as the aeration time was extended be- 
yond the first few hours. In all cases 
the initial rate of oxidation of sam- 
ples containing 100 p.p.m. metal was 
greater than that of the sludge alone, 
and in many cases was almost equal 
to that of the control sample contain- 
ing sewage and activated sludge. The 
reason for this is the time required for 
the metal to be absorbed into the floe, 
particularly since a large part of the 
added metal may be precipitated by 
the sewage alkalinity. In addition, the 
absorption of metal may have to com- 
pete with the absorption of organic 
food materials by the sludge. Rudolfs 
and Zuber (5) showed that removal of 
metal ions, such as copper and zine, 
from solution by activated sludge was 
dependent on the time of contact. 

Comparing the results with those of 
Dawson and Jenkins (1) it should be 


been 


sewage 
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noted that these authors used a 2.5-hr. 
period of observation, only 1,000 p.p.m. 
sludge solids, and no added sewage. 
This may explain why complete inhibi- 
tion of sludge oxygen demand was ob- 
tained at metal concentrations up to 
100 p.p.m. as compared to the results 
reported herein 

As to the practical significance of 
this work, the results show what may 
be expected when different concentra- 
tions of the particular metals are 
added to sewage or sewage-activated 
sludge mixed liquor undergoing bio 
chemical oxidation, as well as the effect 
of certain factors such as sewage 
strength, sewage pH, and presence of 
activated sludge on the toxicity of par- 
ticular metal concentrations. Under 
actual conditions considerable portions 
of the metal present may be precipi 
tated by the alkalinity in the sewage, 
and, therefore, never reach the 
aerobic units, but instead 
may have a much greater effect on the 
sludge digestion process if that process 
is employed. 
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Summary and Conclusions 


Effect of copper, nickel, zine, 
cadmium, trivalent chromium, hexa- 
valent chromium, and cobalt on oxida 
tion of sewage and activated sludge 
sewage mixtures was studied using the 
Warburg respirometer. In addition, 
the effect of increasing the organic mat- 
ter concentration of the sewage by the 
addition of peptone on the toxicity of 
cobalt was studied. The concentration 
of sewage as a factor in the toxicity 
of trivalent chromium and copper on 
sewage was determined. The pH of 
the sewage substrate as a factor in 
the toxicity of copper and trivalent 
chromium in relation to the metal ion 
solubility was investigated. The re- 
sults warrant the following conelu- 
sions: 


1. The order of decreasing metal tox- 
icity on the basis of the 5-day oxygen 
demands exerted was nickel, copper, 
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cobalt, cadmium, trivalent chromium, 
The 


order of toxicity on the basis of 1-day 


zine, and hexavalent chromium 


oxygen demand was slightly changed 
only in the case of zine, which moved 
up into a position following cadmium 

2. With each ion studied the concen 
tration required to obtain a particular 
oxidation of 


degree of retardation of 


sewage substrate was increased as the 
time interval increased 
3. Toxicity of 


trivalent chromium and copper, as in 


Was 


metal ions, such as 
dicated by oxygen consumption, is not 
a fixed toler- 


ance is developed by adapting the seed 


value, but an increased 
to repeated additions of the metal ions 

4. The toxic effects produced in sew 
age-activated sludge mixtures, as in 
dicated by 
lization, by 


inhibition of 
the 


less 


oxygen uti 


addition of various 


metals was than those for com 


parable concentrations added to sewage 
alone 
5. The order of decreasing toxicity 


for activated sludge-sewage mixtures 
was nickel, copper, trivalent chromium 
cadmium, zine, cobalt, and hexavalent 
chromium 

6. In 


metals on 


effect ol 


sewage 


contrast with the 

the oxidation of 
in activated sludge-sewage mixture the 
retarding influence is after prolonged 
periods of oxidation rather than dur 
ing the initial period 
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7. The addition of peptone to sewage 

did not decrease the toxicity of the 

concentrations of cobalt employed. 

8. For a given toxic metal ion con- 
centration, a decrease in sewage 
strength results in increased retarda- 
tion of oxygen utilization 

9. Where both sewage and metal con 
in the same 
effect is 


centrations are decreased 


proportion, the toxic 
observed. 
10. Initial pH sewage 


markedly effect the toxicity produced 


same 
values of 


by particular concentrations of copper 
and trivalent chromium 

11. Toxicity of particular concentra 
tions of copper and trivalent chromium 
decreases with an increase in pH values 
of sewage. 

12. A critical pHi 


range exists for each metal where there 


characteristic 


is a sharp change in toxicity. 

13. The critical pH range for copper 
toxicity coincides with the pH value 
over which there is a sharp change in 
copper solubility. 
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STATISTICAL TREATMENT OF BACTERIAL DATA 


By Ricuarp PoMEROoY 


Pomeroy and Associates, Consulting Engineers, Pasadena, Calif. 


Results of coli-aerogenes tests on 
littoral waters near ocean outfalls are 
highly variable, primarily because eur- 
rents bring sewage to the sampling 
stations at varying dilutions and ages, 
and secondarily because of the rough 
nature of the testing method 

The attempt to establish correlations 
of sets of data has required the ex- 
amination of the and = sig- 
nificance of patterns of variation, and 
the way in which bacterial data can be 
treated by the use of a standard pat- 
tern. 
is not 


hature 


Interest in the subject, of course, 
new. The examination of the 
significance and variations of ‘‘most 
probable numbers’’ here presented ap- 
proaches the subject from a more rigor- 
ous point of view than some previous 
treatments, and attempts to clarify the 
subject of variations. The principal 
statistical technique used is the plot- 
ting of logarithms of most probable 
numbers on probability paper, which 
is essentially the same technique as has 
been used by Velz (1), (2), 
and others, but there are some sig 
nificant differences. 


Pierce 


General Characteristics of Variations 


A set of numbers representing a se- 
ries of measurements of something, pre 
suming that the results of the measure- 
ments are not all identical, 
pattern of variation 


shows a 
characteristic of 
the method of measurement and of the 
thing measured. The variation may be 
due to errors of measurement from 
what would ideally be a ‘‘true value,’’ 
as in replicate chemical analyses, or it 


may be due to variations in the thing 
measured, as, for example, day-to-day 
variations in the number of eggs from 
a flock of chickens. <As far as sta 
tistical procedures are concerned, there 
is no fundamental difference in the 
two sources of variation. 

If the sources of variation are nu 
merous, small, and random, the pat 
tern approximates what is known as 
the ‘‘normal curve of errors.’’ The 
correlation of a set of data to this 
pattern is easily accomplished by use 
of ‘‘normal probability paper.’’ The 
individual data are arranged in order 
of inereasing (or decreasing) magni 
tude, and then the accumulated 


per 
centages of results are plotted against 
the values of the variable. <A set of 
data which conforms to the normal 


curve of errors will produce a straight 
line on the probability paper. 

Various procedures have been pro- 
posed for reducing data to a plot on 
probability paper The procedure 
here proposed is simple and sound, and 
it has proved particularly suitable for 
the plotting of most probable numbers 
It is not contended that this procedure 
is more ‘‘right’’ than some other meth 
ods, except that there is a fault in any 
method which will not meet certain 
criteria, one being that it should give 
a symmetrical curve in the following 
ideal illustration of tossing pennies 

If a group of eight pennies are tossed 
many times, there will be a series of 
results ranging from 0 to 8 heads, with 
4 being the commonest result. The a 
priort probabilities of the results are 
shown in Figure 1 on probability pa- 
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FIGURE 1.—Probability plot of results of eight-penny tosses: O—calculated for an 


infinite set of tosses. 


50 
Each result is 
considered as representing a band of 
values, and the point on probability 
paper is plotted at the upper edge of 
the band. Thus, 
showing results up to and including 4 
heads is 63.7 per cent of the total. The 
number 4 represents a band from 3! 

to 41%, and the accumulated 
plotted at 41% 


per; the actual results of a set of 


tosses are also shown.* 


the fraction of tosses 


total is 
The fractional values 
have meaning if interpreted as the av 
erage numbers of heads in narrow per 


centage bands in number of sets of 
tosses 
In any set of data representing a 


of 
intervals, each plotting point 


range values divided into discrete 
should 
be above the datum which it represents 
by an amount equal to one-half of the 
smallest increment that the data may 
show, 

One may begin at either the low end 


or the high end of a set of data. If 


* Precautions were used to get equal proba 
of Actual 
on to a give an 


bilities and tails 


hard 


heads pennies 


tossed surface excess 


of tails, 


X—results of a set of 50 eight-penny tosses. 


properly plotted, the curve in one case 
is the mirror image of the curve in the 
other case instruc- 
tions for using probability paper fail 
to meet this criterion. 

Near the center of the plot, the data 


representing the tossing of 8 pennies 


Some published 


correspond very well to a straight line. 
If this line were extrapolated it would 
show that occasionally—about one toss 
in 1,000--the number of heads would 
be less than zero, and similarly the 
number would be more 
than eight. This of course is not pos 
sible. 


occasionally 


The line is straight only over 
a limited range; there are upper and 
lower limits that it cannot pass. This 


is true of virtually all sets of real data. 


If a larger number of coins were 
tossed, conformance to the normal 
probability equation would be closer. 


Many variable quantities are found 
to approximate the normal curve. Ex- 
amples in the sanitary engineering field 
have been pointed out by Velz (1): 
variable hardness of a water supply, 
suspended solids content of sewage, and 


biochemical oxygen demand of sewage. 
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Correlation can only be shown em- 
pirically, unless it ean be proved that 
the sources of variation are numerous, 
that they are all small, and that they 
are independent and random. At best 
the pattern is an approximation, and 
it is valid only over a limited range. 
It is not valid to assume correlation 
beyond the range over which it is 
empirically shown to hold. A hundred 
tests of the chloride content of a river, 
for example, cannot be used to indi- 
cate the probable maximum or mini- 
mum of a thousand tests. Extrapola- 
tion of plots which might be made of 
some quantities, such as suspended sol 
ids or B.O.D. of sewage, may show that 
occasionally—perhaps once 1,000 
years—the concentration would be less 
than zero. Extrapolations may be 
made to a limited extent if it is over 
a range for which conformance has 
been shown in similar sets of data. 

It is important to bear in mind the 
limitations of the ‘‘normal curve of 
errors’’ and the use of probability 
paper, when applied to a variable quan- 
tity, but within these limitations there 
is still an important field of useful- 
ness. Use of probability paper or 
comparable mathematical procedures 
permits smoothing of the data, inter- 
polations, moderate extrapolations, cal- 
culations of reliability of averages, 
expressions of coefficients of variation, 
and estimations of reasonableness of 
extreme values. 

The normal probability paper repre 
sents a sort of median pattern which 
is likely to approximate more kinds of 
sets of data than any other pattern. 
There are, of course, many sorts of 
data which do not conform even ap- 
proximately. One of these is the an- 
nual rainfall of an area. In this case, 
as in Others where the data do not 
approximate the standard pattern, a 
modified probability paper can be con- 
structed, provided enough data are 
available. In other cases a function of 
the variable may be found which will 
fit the normal probability paper. 
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Nature of Most Probable Numbers 


Sets of most probable numbers of 
coli-aerogenes bacteria in shore samples 
near ocean outfalls show distributions 
which are not according to the normal 
eurve of errors; this is evident from 
a glance at such data. Probability 
paper still may be useful if it can rep 
resent some function of the variable, 
such as the logarithm. There certainly 
is no theoretical reason to expect 
that logarithms of most probable num. 
bers would have a distribution accord- 
ing to the ‘‘normal’’ curve, but it has 
been found by Velz (1) and Pierce (2), 
and in this study also, that for many 
sets of bacterial data the logarithms 
do roughly approximate the normal 
distribution. 

The first problem is to 
proper method of plotting. 

The data used in this study arise 
from tests which start with the in- 
oculating of pairs of tubes with deci- 
mally diminishing amounts of sample 
from pair to pair, for example, two 
10-ml. tubes, two I-ml. tubes, ete. 
Where other patterns of inoculation 
are used, treatment of the data will 
differ in detail from the treatment here 
described. 

Let it be assumed that the series of 
diminishing dilutions is not limited, 
but extends indefinitely both ways 
The commonest results are of two 
types: ++ and ++ +4 

-—. Each pair of signs here repre- 
sents a pair of tubes, with inoculum 
amounts diminishing from the left to 
right. The group +— is understood to 
include —+. A less common pattern is 

t— +4 -, and there are others 
of rare occurrence 


devise a 


The most probable numbers are: 


Type I ++ -—- -- 
M.P.N. = 2.30 x 10" 
Type Il ++ 

M.P.N. = 6.17 K 10" 
Type Ill +- +— 


M.P.N.= L3 x 10" 
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FIGURE 2.—Probabilities of various results in coli-aerogenes tests, assuming unlimited 
series of pairs of tubes in decimally progressive dilutions. 


Calculations of most probable num 
bers are based on the assumption that 
a viable bacterium of the type tested 
for is a certain entity, and that on 
in a tube leads to a 

On this 
probabilities of the 


viable bacterium 


positive finding basis, the 


various types of 
results from samples having variabl 
bacterial concentrations are as shown 
in Figure 2. This shows, for example, 
that if the concentration is 10 per ml 
that the 
finding will indicate 2.3 (first Type | 
cent that it indi 
first Type If curve); 8 per 
that it 


Type curve); 32 per cent chance 


there is 11 per cent chance 


curve); 38 per will 
cate 6.2 


cent chances will indieate 13 


that it will indicate 23 (second Type 
[ curve); 7 per cent chance that it will 
indicate 62 (second Type IIL curve) ; 
and 4 per cent 
all other possibilities 


All results from samples of variable 


bacterial concentration should be dis 
tributed as follows: 


(by difference) for 


Type Il 23x10" 48.4% 
Type II 10" 418% 
‘ype 13 <x 10° 6.7% 
All others 3.1% 


verification of these 
proportions is not easy because actual 


tests use only 3 or 4 pairs of tubes, so 


Experimental 


that the possibilities of observing cer 
tain types, such as Type III, is less 
than the possibility of observing other 
taking this factor into ac 
count it appears that for 5,500 samples 


types. By 


from Los Angeles and Orange County 
beaches the Type III results would be 
8 per cent of the total if it were not 
for curtailment of the series at the 
Thus the occurrence of this type 
is a little above the a priori probability 

Proportions of Type I and Type II 
results differ for three major sources 
of data examined in this study. Two 
of these sources show proportions close 
to theoretical; the other shows an ab 
normally high proportion of Type II 
It is believed that for these 
differences are traceable to analytical 


ends 


reasons 


| 

| 
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| 
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techniques, and to probable deviations 
from the hypotheses on which the cal- 
culations are based. 

The proportions of all the other 
types is definitely higher than the 3.1 
per cent that it should be, but the 
limitations of the data prevent more 
than approximate estimates. 


Use of Probability Paper 


In using probability paper for sta- 
tistical procedures it is necessary to 
divide the continuous array of pos- 
sible bacterial concentrations into 
bands for representation. Type I and 
Type II results from a natural se- 
quence including most of the results, 
but what shall be done with the other 
results? 

In considering this problem it may 
be noted that a sample which has a 
concentration of 13, and hence is most 
favorable to this result, will neverthe- 
less yield this result only about 1 time 
in 12. If a band were left for these 
results in the array of bacterial con- 
centrations to be plotted, their infre- 
quency of occurrence would cause ab- 
normal irregularities unless many 
hundreds of tests were available to 
afford reasonable frequency of oceur- 
rence. 

The best treatment for these results 
is to distribute them, half and half, to 
the two major types on either side. 
This would be the probable result of 
re-running such samples (assuming 
that they could be preserved without 
alteration until retested ). 

The other minor types occur more 
frequently than they should, and it is 
probable that they are due at least in 
some cases to contamination, errors, 
overgrowth of some tubes with com- 
petitive organisms, etc. Since the prob- 
ability of occurrence of these results 
is small and the probability that the 
result is erroneous when they do occur 
is significant, it is thought best that all 
such results be stricken from the rec- 
ords. It is better to consider the test 
as a failure in such samples than to 
keep the questionable results. Alter- 
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natively, the next most common result, 
which may be called Type IV, repre- 
sented by ++ —-— +-—, giving 5.0 x 
10°, may be distributed to the major 
types as is done for Type III. 

After discarding the minor types of 
results and distributing Type III and 
possibly Type IV results, there now 
remains the two principal types. 

Some attention has been given to 
dilution schedules in which three tubes 
are set in each successive dilution. It 
appears here, also, that it would be 
reasonable to distribute minor types to 
the three major types, which will be 
———,and +++ ++-—-— but 
to discard all results in which three 
negatives are followed by a positive in 
a subsequent dilution (as +++ —-— 
+-—-—), or in which two or more nega 
tives are followed by two or more posi- 
tives in subsequent dilutions as (++ 4 
+—— ++-—), or in which one nega 
tive is followed by three or more 
positives in subsequent dilution (++ 4 
+44). 

In accordance with the principles 
developed earlier in demonstrating the 
plotting of occurrences of various re- 
sults in tossing pennies, each result 
represents a band of values. On the 
basis of calculated frequencies of oc 
currences of types of results, it would 
appear that the Type | and Type II 
results, after distribution of Type III 
results, should theoretically occupy, re 
spectively, 53.5 per cent and 46.5 per 


TABLE I.—-Data from Santa Monica Bay, 
Stations 17 and 17A 


| 
No. of Results 
Bacteria! 
Gree | Plot at 
/mil | Ace 
etual Accum.| or 
Actual | Total | % 


| 30 35.7| 0.377 
18 57.1) 1.19 


17 774 


3.77 
| 44 


82.7] 11.9 


90.5) 37.7 
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“i cent of the concentration seale. Con- 
3 sidering that the seale is logarithmic, 


the dividing points on this basis are 
oh calculated to be 3.89, 11.4, 38.9, ete 


Logarithmic probability paper is not 


generally available with enough cycles 
for this work. The author has used 
arithmetic probability paper, and when 
doing so has ignored the small theo 
retical difference in band width and 
has made all bands of the same width 


When this is done the divisions or 
plotting points are 3.77 1] 9, 37.7 
zh etc. These are plotted on even di 


visions, and a small logarithmic scale 
from 0.377 to 3.77 (x 10 


reading points from the lines 


is used for 


January, 1955 


Table | shows the steps in plotting 
a set of bacterial samples taken several 
years ago in Santa Monica Bay at 
Stations 17 and 17A. 

Figure 3 shows a graph of this and 
four other sets of data from Santa 
Monica Bay. The number of tests in 
each set ranged from 60 to 150. Fig- 
ure 4 shows data from Orange County, 
with about 350 tests in each set. The 
lines as drawn do not always appear 
to represent the closest fits, but this is 
because greater weight is given to 
points near the middle of the scale 
than at the end, for the purpose of 
minimizing the numerical differences 


observed and ealeulated 


between 


u2 
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percent of samples up to and including coli-aeragenes count indicated 


FIGURE 3.—Probability paper plot of bacterial data from some Santa Monica 
Bay stations. 
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Cal-aerogenes /mi. 


values. Points above 99 per cent are 
usually given little weight, and no 
points above 99.5 per cent are con- 
sidered useful, since one sample more 
or less makes a large change in the 
position of the point. 

Table Il shows a comparison of ob- 
served results from Stations 17 and 
17A with results caleulated from the 
line as drawn. 

Twenty-seven sets of data from 
Orange and Los Angeles County 
beaches were plotted. In about 4 of 
these, including line 18, 18A, 18B, and 
line 19-26 on Figure 3, the divergence 
from straight lines is beyond the limits 


7. 
20 30 40 5060 70 80 90 9 SB 99 925 
percent of samples up to and including col-aerogenes count indicated 


FIGURE 4.—Probability paper plot of bacterial data from some Orange County beaches. 


For the other 
23 sets, straight lines are adequate and 
useful representations of the data 


of random seattering. 


Kor 
any station, a very large set of data, 
having points little influenced by er 
ratic variations, would no doubt estab- 
lish that there is some curvature, which 
might vary from station to station. 


Deductions from Lines on 
Probability Paper 


The lines as drawn (except for those 
which, as indicated, show unmistakable 
curvature) represent the best expecta- 
tion of the distribution of results that 
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TABLE I.—-Observed and Calculated Results, 
Santa Monica Bay Stations 17 and 17A 


{ Caleulated Cjbeerved 
er } 
tration, | Fig. 3 
MPN Aceum.| No. of | Accum.| No. of 
Number) Results| Number! Res 
0.6 44 44 30 
06 57 1s 14 48 18 
2.5 72.5| 61 13 65 17 
6.2 84.3} 71 | 10 | 695 | 4.5 
23 02.3, 77 | 6 76 6.5 
62 06.7, 4 80 
704 100 S4 3 ta | 
would be obtained from a duplicate 


set, or the distribution that would have 


been found if the set had been much 


larger 

Points can be taken from these plots 
fo ascertain the percentage of samples 
long-time will 


which, on a average, 


exceed 


any specified concentration 
Thus, for the 17, 17A line, the 50 per 
cent point is at 0.72 M.P.N. per ml. 
This is the median, or the concentra- 


tion which will be exceeded 50 per cent 
of the time If the whole range of 
bacterial concentrations, including the 
lower levels which were not measured, 
should conform to a straight line when 
plotted in this general, 
should be symmetrical, then this point 
This 
represents the best way to 
estimate the logarithmic average when 


way, or, in 


is also the logarithmie average. 
technique 
all-negative or all 


there are many 


positive samples 

As a further illustration, the 80 per 
point is at 7.4. This is the con 
centration which, on a long time aver 
will be 


cent 


ave, exceeded 20 per cent of 
the time 
One of the standards used by the 


California State Department of Public 


Ifealth for judging the quality of 
bathing waters is the concentration 


which is exceeded in 20 per cent of the 
samples Since the 
erally determined by the pattern of 
dilutions studied in this report, this in 
effect is the number of samples which 
higher than 6.2. This 


counts are 


gen 


show a result 


INDUSTRIAL 
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is plotted at 11.9. Use of a standard 
based on 10 per ml. as determined by 
use of probability paper would be 
slightly more strict than a 
based on the number of tests showing 
that is, the number of 
tests showing 23 or more (with an oc 


standard 
more than 6.2: 
easional 13 


The 


this 


point which has appeared in 
study to be significant in 
rating the degree of pollution of a 


most 


station is this 80-percentile point, or 
concentration exceeded by 20 per cent 
This is better than the 
o0-percentile point (which is the me 
dian and the logarithmic average) be 
cause it gives more information about 
the higher which are 
found a minor part of the time but 
which are of chief significance from 
the public health standpoint. 

For purposes of comparison it ma) 
be noted that the standard deviation 
of the logarithms is 2.0 to 2.5 for most 
of the Santa Monica Bay stations, and 
2.5 to 3.0 for the Counts 
beaches. Pierce (2) found values ot 
0.86 to 1.25 for the chlorinated effluent 
of a sewage treatment plant. 


of the samples 


concentrations, 


Orange 


Summary 


Starting with a rigorous approach to 
the subject of variations, a procedure 
is presented for the plotting of log 
arithims of bacterial data on proba 
bility paper. 

Twenty-seven data from 
Southern California beaches near ocean 
outfalls were plotted. In 23 cases the 
points approximated straight lines well 
enough so that the procedure can be 


sets of 


used in these cases to obtain more in- 
from limited sets of data 
than would be possible without this 
tool 


formation 


References 


1. Velz, C. J., ‘‘Graphical Approach to Sta 

"e Water and Sewage Works, 
97, 195, 309, 393 (1950); and 98, 66 
262, 289 (1951). 

2. Pieree, D. M., ‘‘ Two-Stage Chlorination.’’ 
THis JOURNAL, 24, 8, 929 (1952). 


tisties 


‘ 
; 
=f 
at 4 
~ 
sts 
MAS 
1% 
aS 
ite 


Var 


THE OPERATOR’S CORNER 


ConpuctTep BY DonaLp P. Scuiesswoun 


FRESHMEN OPERATORS NEED HELP 


In the months ahead Donald P. 
Schiesswohl will be looking over the 
Corner’s mail and endeavoring to 
gather together material for you—the 
operator. Don has a background in 
sanitary engineering, in the sewage and 
industrial wastes field, through his aca- 
demic training and his experience with 
the Florida State Board of Health. So 
he comes with a genuine interest in 
plant operation, the men, their prob- 
lems, and their successes. 

The Operator’s Corner of the Jour- 
nal has long been a regular feature 
of each issue, even though the by-line, 
‘‘conducted by,’’ has changed several 
times in the past 14 years. However, 
from its original inception by Editor 
‘*Pete’’ Wisely, its continuance under 
‘*Sandy’’ Martin, and its development 
during the past five to six years by 
‘*Herb’’ Orland, the Corner has always 
endeavored to bring to the reader prac- 
tical contributions by and for oper- 
ators. 

As has been pointed out many times 
in the past, this department of the 
Journal depends upon the continuous 
participation of plant superintendents 
and operators in order to fulfill its 
purpose. The Corner should be made 
up of practical contributions 
erators 


by op- 
describing their methods of 
overcoming day-to-day problems. It 
should include ‘‘gadgets’’, those plant- 
made devices to save labor or circeum- 
vent some minor or major difficulty. 
It should contain references to experi 
ences and operation reports from which 
a lesson is to be learned or a pitfall 
avoided. 
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During the past several years, Fed- 
eration membership has grown, as has 
the number of sewage treatment plants 
and the personnel engaged in_ this 
ever-expanding field. Consequently, 
there are more freshmen operators to 
day than ever before, in new plants 
and old. These operators are eager to 
learn to do their job well and to im- 
prove the status of the profession 
Some are in responsible charge for the 
first time of thousands of dollars worth 
of equipment, and need all the help 
they can get. They have questions 
that need to be answered. Only by 
bringing them out for public discus 
sion can the new operator benefit 
Therefore, the problems of the new men 
and the experiences of the older op 
erators need to find some common 
ground for free exchange. Here is 
where your QOperator’s Corner can 
serve. Solutions and experiences that 
may seem commonplace or even routine 
to you may be just what a fellow op 
erator needs. On the other hand, many 
of these freshmen operators have new 
ideas for old problems 

Be it ever so simple, there is nothing 
like a practical tip or quip from the 
men in the field. 
clippings, sketches, as well as prepared 
manuscripts, are always welcome. The 
headquarters staff will handle any 
reasonable rewriting, or preparation of 
drawings. 

With your help the Corner can con 
tinue to serve the operators. We are 
always interested in hearing from you 
and serving you to the best of our 
abilities. D. P.S8. 
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DIGESTER OPERATION PROBLEMS IN 
PENNSYLVANIA * 


By JoHN YENCHKO 


Regional Sanitary Engines 
Wilke 


The digestion of sewage solids is one 
of the 
age treatment plant, whether it is by 
rmieans of an Imhoff tank or a separate 
sludge 


important functions of a sew 


digester. In fact, in a primary 
the digester may be 


he art 


treatment plant 


considered the of the treatment 
process 

Both the technically trained and the 
untrained 


operators in responsible 


charge of treatment 
in the digester and its 
Most treatment plants have 


digestion processes, and, at some time 


sewage facilities 
are interested 


operation 


or Other, a problem. Frequently an 
other operaior’s problem and solution 
is Just the answer to one’s own par 
ticular problem 


Units Affecting the Digester 


The digester is only one unit of the 
freatment facility, however, and to op 
erate it sal 


factorily plant personnel 


must understand those units which af 


feet it Some of these units are as 


follows 
Effective 
contributes 


lL. Grit chamber 


moval 


grit re 
equipment measur 
ably to the satisfactory operation of the 
digester An ineffective 
the digester with 
which will steal needed capacity and 
accentuates the 


unit will load 
undigestible solids, 
problem of removal of 
solids 

2. Pumping station—-A properly de- 
signed pumping station will not hold 
until it 


Solids will not be deposited in the wet 


the sewage becomes septic. 


well due to improper slopes. 


* Presented at 1954 Annual Meeting, Penn 
sylvania Sewage and Industrial Wastes Assn. ; 
State College, Pa.; Aug. 25-27, 1954. 

t Presently Sanitary Engineer, Kappe and 


Associates, Washington, D. C 


Barre, 


Pennsylvania Department of Health, 


well- 


3. Primary settling tank 


operated primary settling tank will 
effectively remove the solids, before 
they become septic. Removal more 


than once per day is usually required. 
The use of a time clock control has 
been considered for intermittent sludge 
removal. A means of checking the 
solids content is important, because the 
transfer of excessive liquid to the di- 
gester will impair the efficiency of the 


digestion process 


Factors Affecting Digestion 


Variations in temperature, pH, and 
solids load cause digester disturbances 
they are important fac 
tors for good digester control. 


Accordingly 


Temperature 


Most authorities set the desirable 
temperature range between 85° and 
95° F. This does not imply that tem 


perature changes within this range can 
be made without regard to operating 
efficiency. When facilities are pro- 
vided for control of heat in the di- 
gester, an optimum temperature should 
be established maintained. Re- 
cently, emphasis has been placed on 


and 


adequate heat exchanging facilities and 
controls. 

The organisms responsible for the di 
gestion of sewage solids are quite sensi 
As a 
may be 
temperature 


tive to temperature variations. 
result, the digestion process 
impaired through slight 
changes 


pH 

Optimum pH range is considered to 
be between 6.8 and 8.2, depending to 
some extent on the chemical character 
From ex- 


istics of the water supply. 
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perience it is possible to determine 
what pH range is most effective for a 
particular digester. 

Records of pH determination on raw 
sludge, supernatant liquor, and di- 
gested solids aid in ascertaining the 
development of an unsatisfactory con- 
dition in the digester. 


Alkalinity 


The desirable alkalinity range is be- 
tween 2,000 and 3,500 p.p.m. Suffi- 
cient alkalinity must be present in the 
digester to serve as a buffer in counter- 
acting the acid trend which occurs 
during the first stages of digestion 
when raw sludge is added. 

If these acids are not controlled, 
either by the presence of alkaline salts 
normally in the sewage, by the active 
digestion process, or by artificial 
means, the result will be excessive acid 
production, reflected in a lowering of 
the pH. 


Overload Experiences 
Acidification 


It is generally recognized that an 
overload of sewage solids is a primary 
cause of excessive acidification and 
liquefaction. Where facilities are 
available, the quantity of raw sludge 
transferred to the upset digester may 
be reduced. In stage digestion, sludge 
may be transferred from the second- 
stage digester to the primary digester 
Sufficient capacity must still be avail- 
able to handle the raw sludge. Un- 
fortunately, many older plants are not 
equipped with duplicate digesters nor 
do they have flexibility for transfer- 
ring the digester contents. 

The Stroudsburg, Pa., trickling filter 
sewage treatment plant is an example 
of an overloaded single-stage, floating 
cover digester. An attempt is made to 
maintain the digester at a temperature 
of 94° F. Digester activity is watched 
closely, and whenever the pH begins to 
drop, lime is added to counteract ex- 
cess acidity. 
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At present the load to the digester 
cannot be varied, and without the ad- 
dition of lime the digestion process is 
retarded. In this instance, the addition 
of lime permits continuous digestion 
and yields well-digested sludge, which 
can be withdrawn every 5 to 10 days 

Construction of a second digester, 
with facilities for recireulation and 
transfer of sludge, should provide 
ample capacity and flexibility to avoid 
future digester upsets. 


Scum 


Scum is a vexing problem, whether 
it occurs in a separate digester or in 
an Imhoff tank. <A digester without 
facilities for breaking up seum is sub- 
ject to the building up of a trouble- 
some layer. Various devices have been 
incorporated in digesters to minimize 
this problem. In practice, the opera- 
tors have learned the shortcomings of 
their equipment or designed their own 
means of solution. 

At New Castle, Pa., a digester scum 
problem was solved using a fire depart 
ment spray nozzle. The nozzle fits on 
a 2\%-in. fire hose and has nine %-in 
holes in a revolving head, giving a 
strong spray under high pressure. In 
serting the nozzle just under the di 
gester roof, through the test holes, 
produced good results and did not dis- 
turb gas production, sludge with- 
drawal, or the supernatant liquor. 

Scum in the digester at the Strouds 
burg plant formed a layer 5 to 10 ft. 
thick that could not be broken up ex- 
cept by complete removal of sludge 
and scum, During the past three years 
this condition has made it necessary to 
empty the digester on at least three 
occasions. The vexing problem has 
been that the scum, although well 
digested, is of such consistency that 
it cannot be removed by normal means 
Water under pressure has been unsuc- 
cessful in breaking up the scum. 

An arrangement that has worked 
satisfactorily in breaking up gas vent 
scum in Imhoff tanks utilizes a sludge 
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pump equipped with a flexible hose 
discharge. Sludge is taken from the 
bottom of the digester compartment 
by inserting the pump suction line 
into the extension of the sludge with 
drawal line By doing this it is not 
necessary to provide a long pump sue 
tion line. The contents within the di- 
gestion compartment can be reciren 
lated to the gas vents, breaking up the 
scum accumulation. There is no dis- 
placement of liquor from the digestion 
compartment to the settling chamber. 
Transferring the sludge from the bot 
tom of the tank to the top of the gas 
vents results in a condition that is 
conducive to digestion of the seum 

Permanent taps in the sludge draw 
off lines, ahead of the gate valves which 
regulate sludge flow to the drying 
beds, would provide for flexibility of 
sludge recirculation. These taps could 
also serve as an aid in dewatering the 
unit Interconnection of the sludge 
piping, with proper valves, would be 
advantageous 


Sludge Removal 


On occasion, sludge removal diffi- 
culties are encountered because satis- 
factory equipment is not available. At 
least 5 to 6 ft. of hydrostatic head is 
necessary to move heavy sludge to the 
drying bed A pump provided for re- 
cireulation could also be utilized for 
In addition, since the tank 
may have a depth of from 15 to 20 ft. 
below the sludge drawoff line, this 
equipment can be used to facilitate de- 


this work 


watering 

Another advantage for the sludge 
pump is that sludge could be recirenu 
lated within the digestion compart 
ment, thereby moving accumulated 
sludge from the influent end, where a 
heavy sludge build-up may occur, to 
the effluent end. This would eliminate 
the need for reversing the flow in a 
long Imhoff tank. The design of chan- 
nels in a reverse-flow-type Imhoff Tank 
ean be costly and poses a rather diffi- 
cult hydraulic and maintenance prob 
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lem in order to avoid the deposition of 
solids in the channels 


Foaming 


Foaming is a problem often accom 
panying an acid digester condition. A 
rather interesting experience occurred 
at Radnor-Haverford, Pa., a mechani- 
cal aeration activated sludge plant 
using vacuum filters for sludge dewa- 
tering. In 1949 the digesters began 
to show evidence of foaming. The 
condition was corrected by raising the 
pH through the use of the filtrate from 
the vacuum filters. Another incident 
of foaming occurred in April 1954 and 
again was successfully controlled with 
the filtrate 


Grit 


Grit in a digester has come in for 
frequent and strong comment by op- 
erators who have considerable grit in 
their sewer systems and either no grit 
removal facilities, or at best inadequate 
equipment. 

At Clarks Summit, Pa., the solids 
accumulating at the bottom of the Im- 
hoff tank became so heavy that it was 
impossible to remove the sludge with 
the hydrostatic head available. This 
condition resulted from an excessive 
amount of grit reaching the sewer sys- 
tem. Since grit removal facilities were 
not provided, the grit compacted in 
the bottom. Fortunately, the plant has 
duplicate Imhoff tanks, making it pos- 
sible to by-pass one for cleaning pur 


poses 
Cleaning 


Emptying either a digester or an Im 
hoff tank is generally the least desirable 
type of work at a sewage treatment 
plant. Where digesters are cleaned at 
frequent intervals, procedures are es 
tablished and equipment accumulated 
so that the task is not too difficult. 

Under any circumstances, entering a 
digester is very unpleasant, whether 
the solids are removed by bucket, 
sludge pump, or portable pump. When 
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a pump is used the solids must be 
broken up with a and washed 
to the pump suction. In the event 
sludge is removed by bucket the ma- 
terial must be moved with a shovel, a 
that requires by-passing the 
digester for at least a week. When 
adequate help and equipment are pro- 
vided, the operation can be completed 
in two or three days. 

Many times laboratory techniques or 
facilities enable the detection of im- 
pending digester problems. Even with 
this information available, it is some- 
times impossible to cope with the situa- 
tion due to limited facilities. Conse- 
quently, operators will continue to find 
it necessary to remove the digester con- 
tents. 

At the Uniontown, Pa., primary 
treatment plant the task of emptying 
the digester is facilitated through the 
provision of two digesters, adequate 
piping, and pumps, together with 
ample sludge drying beds. The 45 ft. 


hose 


process 


diameter digesters are equipped with 


floating covers and are heated by means 
of copper coils. The side wall height 
is 22 ft. 

Since the drying beds are open and 
cannot be used in winter, due to poor 
sludge drying, the sludge is held in the 
digesters for about 10 months. Con- 
sequently, during good sludge drying 
weather the digesters are completely 
emptied. 

Pumps are required to empty the 
digester. Two plunger pumps are used 
to start the sludge moving, then a 
centrifugal pump is placed on the line 
and the plunger pumps stopped. When 
the sludge becomes too heavy for the 
centrifugal pump, operation reverts to 
the plunger pumps. As output slows 
down, due to the heavy sludge, the 
lines are flushed with supernatant from 
the second digester. 

Flushing operations vary, depending 
on piping and valve arrangements. 
Supernatant from a full digester can 
usually be directed to the suction of 
the pump that is slowed down by heavy 
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solids and thus allow the pump to clear 
the lines. The same supernatant can 
be used to backflush the digester being 
emptied. Backflushing has a_tend- 
ency to foree solids back from the 
pump suction inlet. This procedure is 
repeated until the roof rests on the 
stop blocks. As soon as the roof rests 
on the stop block and the water seal 
is broken, all vents and manholes are 
opened. <A garden hose is used to break 
down all the scum and sludge that 
forms between the roof and wall. In 
doing this the digester is ventilated. 
After testing for dangerous gases, the 
tank is entered and a channel washed 
through the heavy sludge down to the 
floor at the wall. The sludge at the 
wall is generally 5 to 6 ft. deep. Once 
down to the floor, it is an easy matter 
to wash the rest of the grit and sludge 
to the pump suction. Using the small 
hose prevents putting water into the 
digester faster than the pumps can 
remove it. 

Now that the digester has been 
emptied, a thorough examination is 
made of all inside metal work. The 
heating coils are sealed and hair and 
lint are removed by hand. Grit is 
pumped to the drying beds, where it 
is subsequently removed by farmers 
and gardeners. Hair, lint, and scale are 
dumped and covered at the grit dump. 

One man can take care of emptying 
the digester, but two men are always 
used as a safety measure. Oddly 
enough, the men rather like the work 
of removing the sludge and grit. There 
is a spirit of competition to see who 
can. remove the most sludge and grit 
in a given time. 

Refilling is accomplished by pumping 
the contents of one of the primary 
settling tanks into the digester. This 
has a double advantage—it empties a 
settling tank for inspection, repairing 
and painting, and at the same time 
floats the digester cover. Seed is pro- 
vided by transferring 3 ft. of sludge 
from the full digester. Vents and man 
holes are left open for a day or two to 
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exhaust all carbon dioxide. After the 
openings are closed, usable gas is avail- 
able in about 48 hr 


Inactwating and Reactivating 


The question that arises where a 
single digester is available is how to 
accomplish its inactivation. Obviously 
the plant cannot be completely by- 
passed, therefore solids will accumulate 
in the settling tanks. If excessive 
amounts of solids are allowed to ac 
cumulate during warm weather, sep- 
ticity will result, impairing the effluent 
from the secondary treatment units. 
Holding these solids for any length 
of time before pumping them into the 
digester will make it more difficult to 
put the digester into satisfactory opera 
tion after cleaning 

The generally recommended proced 
ure for starting a digester is to pump 
the contents of a primary tank into it. 
Seed should be provided if necessary 
and the developmet of satisfactory di- 
gestion conditions awaited before add 
ing raw sludge, thus avoiding acidifica 
tion. This procedure is difficult, in the 
case Of a single digester, where by 
passing is not permissible. Sometimes 
it is advisable to add lime to avoid the 
development of an acid condition 

At Stroudsburg the solids are ae 
cumulated in the primary and second 
ary settling tanks When the digester 
is cleaned and ready to go back into 
operation, this accumulated sludge is 
pumped into it Close watch is kept 
on the pli and the temperature is 
raised to 90° to 94° F. Digesters have 
been observed to go back into operation 
under these unfavorable conditions and 
to produce a satisfactorily digested 
sludge in 20 to 30 days 


Sludge Disposal 


The thought which occurs when con- 
fronted with the need for emptying 
a digester is where to discharge the 
sludge. At Stroudsburg, as much as 
possible of the well-digested material 
was removed to the glass covered dry 
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ing beds. The remainder of the ma- 
terial was disposed of by a scavenger. 
At Clarks Summit the sludge drying 
beds are adequate to handle the con- 
tents from a single Imhoff tank. With 
an Imhoff tank a secondary problem re- 
sults in removing undigested solids 
from the drying beds. 

An Imhoff tank at a small housing 
development was emptied by discharg- 
ing the sludge to a large excavation. 
Care was taken to prevent leakage onto 
the ground surface. After the liquid 
receded sufficiently, the sludge was cov- 
ered with dirt and no unsatisfactory 
conditions resulted 

At Retreat State Hospital, Pa., the 
Imhoff tank contents were disposed of 
by discharging them onto a field and 
plowing under. Health authorities ad 
vise against this practice where vege- 
tables that might be eaten raw are 
planted. 

A resourceful operator will look 
around his plant and find a suitable 
place to discharge the sludge if his 
drying beds are inadequate. Many 
treatment plants utilize sludge lagoons 
with satisfactory results. The state of 
digestion or quality of the sludge is an 
important factor. The Stroudsburg 
sludge and scum were exceedingly well 
digested, resulting in no unpleasant 
odors. It would be inadvisable to put 
semi-digested sludge or raw sludge on 
drying beds that were in close prox- 
imity to residences. Disposal would 
then have to be considerably removed 
or properly covered. 


Digester Gas Recirculation 


Recirculation and diffusion of di- 
gester gas is being observed in a proto 
type experiment using a fixed cover 
digester at Erie, Pa. According to 
reports, the results to date have indi- 
eated loadings considerably higher 
than those used for conventional di- 
gesters. 

Observation of actual conditions, 
made through glass covered portholes 
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in the fixed cover of the digester, 
showed no apparent accumulation of 
scum. Raw sludge volatile solids con- 
tent was understood to be immediately 
reduced under normal operation. It 
was reported that the use of acceler- 
ated digestion enabled one digester to 
handle the raw sludge from this pri 
mary treatment plant that had pre- 
viously taxed the capacity of three 
digesters. 

Gaining in moment is the importance 
of flexibility of digester operation. Ex- 
ternal heat exchangers, sludge recireu 
lation, points of discharge, supernatant 
selectors, scum breakers, and now the 
recirculation of digester gases, all are 
contributing to a healthier bacterial en- 
vironment within the digester 


Summary 


When digesters are overloaded, there 
will continue to be some difficulties in 


their operation. Overloading or tem- 
perature changes may result in acidifi 
cation and foaming. When these con 
ditions appear to be uncorrectable, as 
in the case of heavy scum accumula- 
tions, the only alternative appears to be 
the removal of the digester contents. 
The ideal condition is for the operator 
to detect unsatisfactory conditions be 
fore they become impossible to handle 
However, this requires keeping con 
tinuous and complete records. 

Since the old plants must work until 
such time as improvements are made, 
means will have to be devised to keep 
the digesters operating Treatment 
plant operators can contribute measur 
ably to the improvement of conditions 
at present and future sewage treatment 
plants. Discussions reveal the defi 
ciencies, as well as the innovations of 
digester operation, and research will 
provide the advancement in under 
standing the digestion process. 


ECONOMY THROUGH WELDING AT A SEWAGE 
TREATMENT PLANT * 


By Joun R. SzyMaAnsk! 


Superintendent, Sewage Treatment Plant, New Britain, Conn. 


For some time welding has been an 
integral part of the over-all mainte- 
at the New Britain, 
Conn., sewage treatment plant and has 
resulted in better, safer, and more eco- 
nomical operations. 


nance program 


Through welding, 
substantial savings have been effected 
This plant serves a metropolitan area 
of approximately 100,000 people. It 
was built in 1936 and was designed to 
give primary and secondary treatment 
to an average daily flow of 9 m.g.d. 
Up to 1941, replacement parts were 


* Ed. Note:—This is a digest of one of the 
top prize-winning reports in the recent James 
¥’. Lineoln Are Welding Foundation eompeti- 
tion for non-industrial business and service 
establishments (see THIS JOURNAL, 25, 12, 
1507; Dee., 1954), 


readily available at reasonable cost 
and a substantial reserve of spare parts 
was maintained. With the advent of 
World War II, however, it 
necessary to use whatever 
and parts were on hand. 

Fortunately, it was possible to pro 
long this reserve up to 1948-49. At 
that time, the equipment in use was at 
least 10 years old and demanded closer 
attention and more service work. Thus 
a long-range program of maintenance 
and repairs was instituted in the early 
part of 1950. The following gives some 
of the details 


became 
materials 


Bar Screen and Triturator 


The mechanically cleaned bar screen, 
for instance, ordinarily requires little 
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However, due to the fact 
that great quantities of sand and grit 


maintenance 


arrive at the plant, an unusual wear 
problem occurs on one side of the in 
stallation The metal guide rail and 
casing wears away rapidly 

this 
were 


To maintain and operate unit 


faced 
with the problem of either replacing 


atisfactorily, personnel 


the entire outside casing with guide 
rail or repairing the existing unit 
After studying the various factors 


involved—-namely, delivery dates, in 


itial costs, and labor costs, it was found 
that by hiring an experienced welder 
and furnishing stock material, the en 
tire job 


Kigure 1), including one side 


vasing plus guide rail (A), a motor 
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bracket (B), and a sprocket attach- 
ment (C), could be completed at a cost 
40 per cent below the purchase of new 
parts and installation costs. In addi- 
tion, the time element was heavily in 
favor of the welding procedure. 
Attached to the mechanically cleaned 
bar screen is a standard triturator 
The this unit, of 
course, is to macerate the screenings re- 
return 
these screenings to the flow of sewage 


basic purpose ol 


moved on the bar screen and 


removal. 
As previously mentioned, the large 


for settling and eventual 


quantities of grit and sand arriving 


at the plant brought about a serious 
problem in operating this unit. 
cutting 


The 


teeth of hardened steel would 


FIGURE 1.—Mechanically cleaned bar screen, New Britain, Conn., sewage treatment 
plant, showing (A) metal guide rail and casing, (B) motor bracket, and (C) sprocket 


attachment. 
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ECONOMY THROUGH WELDING 


FIGURE 2.—Rectangular primary settling tank, showing (A) collector guide rails and 
(B) head sprocket. 


become dull after two weeks of opera- 
tion and would require immediate 
sharpening. After much study and ex- 
perimentation, it was decided to tip 
the original cutting teeth with carbo- 
lov 

Commercial carboloy tips were welded 
onto the teeth and have been in good 
operating condition since 1950. The 
sharpening the 
replacing them annually 
to $100. With the welded 
tips, however, the annual cost is only 
approximately $20 


maintenance cost of 
teeth 


amounted 


and 


Primary Settling Tanks 


There are three rectangular primary 
settling tanks (Figure 2) at the plant, 
all of standard design. The collecting 
continuously 
wear of the 


mechanism 
and 


is operated 
this has resulted in 
guide rails (A). 

Faced with the problem of replace- 
ment, if decided to retain the 
original guide rail and to weld hard- 
ened steel stock on top of it. Labor 
and materials for this work amounted 
to $120 per tank, whereas a new instal- 


Was 


lation would have cost approximately 
$250 per tank, 

A wearing problem occurred on the 
head sprockets (B). It was found that 
a welding build-up on the teeth of the 
sprocket would prolong the life of the 
sprocket an additional two years. 

With the rectangular secondary set- 


tling tanks, the same guide rail prob- 
lem was presented as with the primary 


tanks. This problem was solved in like 
manner, with a substantial savings in 
labor and materials. 


Sludge Pumps and Conditioning Tank 


In removing sludge from the settling 
to the storage tanks at this plant re 
ciprocating plunger pumps are used 
The material pumped averages about 
7.5 per cent solids and is heterogeneous. 
The reciprocating pistons eventually 
great deal of wear on their 
respective cylinders and the heat crack 
ing of the metal becomes an expensive 
replacement factor. 


cause a 


After much experimentation it was 
decided to fabricate, weld, and machine 
these cylinders from heavy-gauge steel] 
pipe. 

Standard cast-iron cylinders cost 
about $40 per unit and would give only 
about 200 hr. of operation, However, 
the welded steel units costing approxi- 
mately $65 each, have given more than 
600 hr. of continuous operation 

In the process of sludge disposal the 
sludge is treated and mixed chemically 
in a conditioning tank. This is a 
welded steel, baffled tank 12 ft. by 5 ft. 
by 4 ft. Although protective coatings 
have been applied to this unit, holes 
have been caused by corrosion. 

Comparative costs of replacing this 
tank or weld patching it showed that 
the life of this unit could be and has 
been prolonged for the last five years, 
and that the corrective welding will 
enable use of this unit for many more 
years. 
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In conjunction with this condition 
ing tank there are two chemical feed 
ers. One, used for feeding a very cor 
rosive chemical, was of the rotary typ« 
of steel construction with a protective 
hard rubber lining 

After 12 years of operation this 
feeder was badly disintegrated and sev 
eral months were spent seeking a new 
replacement of similar type, but to no 
avail, Any adaptable unit of similar 
size would have cost approximately 
4600. Therefore, after consulting with 
a reputable welding firm, it was de 
cided to fabricate and weld this unit 
and then have it rubber lined. An ex 
cellent duplicate of the old feeder was 
obtained at a total cost of $160 


Incinerator Rabble Arms 


The application of highly-developed 
welding principles in the maintenance 
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of the chrome-nickel rabble arms used 
inside the multiple-hearth sludge in 
cinerator has also resulted in a sub- 
stantial saving. 

The rabble arms, when exposed to 
high temperatures, eventually tend to 
bend and have had to be discarded 
Before World War I], it was possible to 
obtain a new rabble arm for approxi 
mately $150. Due to the nickel and 
chrome shortages the price of these 
arms rose to the present cost of ap 
proximately $400 per arm 

The welding company now takes the 
bent arm, preheats it, cuts it, and then 
rewelds it into a straight arm which 
can be used satisfactorily once again 
This procedure costs about $75 per 
arm, resulting in a substantial saving 

There is no question that welding 
has resulted in a better, safer, and more 
economically operated plant for New 
Britain 


SOUTH DAKOTA VOLUNTARY CERTIFICATION 
PROGRAM 


Unanimous adoption of a voluntary 
certification program by the South Da 
kota Water and Sewage Works Confer- 
ence was one of the outstanding events 
of the Conference’s 20th Annual Meet 
ing Sept mber 28-30, 1954. This ac- 
tion culminated a study undertaken 
more than 10 years ago and delayed 
due to World War II 

The proposed program, patterned 
after the lowa voluntary certification 
program (see THis JourNna, 25, 4, 
503; Apr., 1953), will be administered 
by a Certification Committee and will 
be available to both water and sewage 
works operators. It is the committee’s 
hope to give the first examinations at 
the 1955 Conference meeting 


Committee Members 


The Certification Committee mem 
bership will consist of both a water 


and a sewage plant operator; a con 
sulting or city engineer familiar with 
sewage and water; a faculty member 
of South Dakota State College, the 
University of South Dakota, or the 
South Dakota School of Mines engaged 
in the field of sanitary science; and 
an elected municipal cfiicial currently 
in office. The Secretary of the South 
Dakota Water and Sewage Conference 
will be an ex-officio member. 


Four Classification Groups 


Certification will be made in four 
grades based on education and experi 
ence; in addition, the sewage treatment 
plants will be classified to require su- 
pervisory personnel who hold one of 
the corresponding classes of certifica 
tion according to the following group- 
ing shown on top of page 103. 
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Class Certification Grades 


A College graduate and | yr. experience; 
or high school graduate and 5 yr. ex- 


perience ; or 6 yr. experience. 


B High school graduate or approved 
course in sewage treatment and 2 yr. 


experience ; or 4 yr. experience. 


Cc Completion of recognized course in sew- 


GATE CONTROL 


Plant Classification 


Complete treatment, population 
equivalent! > 10,000, 


Complete treatment, population 
equivalent! < 10,0002 


Primary treatment.* 


age treatment and 1 yr. experience; or 


2 yr. experience. 


D Same as for Class C. 


Lagoons and oxidation ponds, 


! Population equivalent based on 0.167 Ib. of 5-day 20° B.O.D. per capita per day. 


? Other than lagoons and oxidation ponds. 


Fees and Duration 


for original certification, re- 
newal, or advancement in all grades 


Fees 


will be $1.00 for Conference members 
and $4.00 for non-members. 


Certificates continue in effect for a 
period of three years. Expired cer- 
tificates may be renewed, without ex- 
amination, if application is made 
within 60 days following the expiration 
date. 


MECHANICAL GATE CONTROL FROM TRUCK 
DIFFERENTIAL * 


By A. M. Mepuicorr H. H. BenumMer 


Respectively, Plant Mechanic and Superintendent, Water Department, Fargo, N. Dak. 


Personnel of the water treatment 
plant at Fargo, N. Dak., fabricated 
a geared floor stand (Figure 1) for 
operating a 36- by 36-in. sluice gate, 
with a resultant saving of approxi 
mately $400. The original gate was 
of the rising-stem type and operated 
by a 24-in. hand wheel on the floor 
stand. It was not geared and the hub 
of the hand wheel was threaded to 
engage the 2-in. threaded rising stem. 
In addition to the initial capital saving, 
the geared operating stand saves the 
time of three men, who were normally 
required to open or close the gate. 

The rear axle assembly of a 1931 
Model A Ford truck was purchased 
from a car wrecking company for $35. 
Both axles, axle gears, spider gears, 
and spider were removed and not used. 


* Many sewage treatment plant operators 
could benefit by some low-cost help in oper- 
ating their sluice gates and valves. This 
article appeared in the Sept. 1954 Official 
Bulletin of the North Dakota Water and 
Sewage Works Conference.—Ed. 


The ring gear, differential carrier, and 
side bearings were used, as well as the 
drive pinion and bearings. The drive 
shaft housing was eut off about 1 in. 
back of the flange where it was attached 
to the differential housing. A _ plate 
was welded over the opening, leaving 
a hole just large enough to take the 
pinion drive shaft. 

The left side, looking at it from its 
position on the truck, of the axle hous- 
ing was cut off about 6 in. back from 
the differential housing so that it could 
be inserted in and securely fastened to 
the top of the old floor stand. The 
right side of the axle housing was cut 
off as close as possible to the differ 
ential housing and a 3-in. threaded pipe 
coupling was welded on in its place to 
provide a connection for the 3-in. pipe 
and cap to house the rising stem of the 
sluice gate. 

The threaded hub of the hand wheel 
of the old operating stand was removed 
and machined so that it could be in- 
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hub to fit into the openings in the ring 
gear where the spider had been at 
tached so that it would turn with the 
ring gear. A small amount of play 
was deemed necessary to compensate 
for any slight variation in the vertical 
travel of the gate stem. The ring gear 
with the threaded hub attached and 
the pinion were then replaced in the 
differential housing and the cover 
bolted on. The splined end of the 
pinion drive shaft is used for the op- 
erating attachment for the hand-oper 
ated crank. The gate now operates so 
easily that a %4-in. electric drill with 
adapter could easily operate the gate 
by direct drive. 


All of the fabrication work was done 
during odd times when the mechanic's 
time was not required for other plant 
duties. A total time of approximately 
two 8-hr. days was required to do this 
work and less than one WC tank of 
FIGURE 1.—Hand-operated floor stand acetylene was used. The total cost of 


(left) converted to mechanical gate control the completed floor stand was as fol 
(right). 


lows: 
serted inside of the differential carrier 1931 Model A Ford truck parts $35.00 
where the ler and axle wears had Acetylene, 1 WC tank 4.47 
been removed lugs were in- 
serted into the sides of the threaded Total cost : .. $66.35 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


ittention operators! It will be appreciated if copies of all annual reports of both large 
ind small plants are sent to the Federation office for abstracting in this section of the 
Journal. Carbon copies of typewritten reports will be promptly returned on request 
‘lease direet annual reports to: Federation of Sewage and Industrial Wastes Associa 


tions, Room 325, Illinois Bldg., Champaign, III 


Annual Report of the International Airport Activated Sludge Plant, 
Miami, Fla., for 1953 * 


By Joun 8. Wuirney, Superintendent 


The plant continued to produce a_ load. Originally designed in 1945 to 
satisfactory effluent in spite of a stead- handle 0.06 m.g.d. at 200 p.p.m. aver 
ily hydraulic 


increasing organic and age B.O.D., the plant capacity was in 


* For last previous extract see THis Jour creased in 1949 to 0.2 mg.d. at 300 
NAL, 25, 7, 857 (July, 1953) p.p.m. average B.O.D. In 1953, the 
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EXTRACTS FROM OPERATION REPORTS 


TABLE I.—Summary of 1953 Operation Data, International Airport Activated 
Sludge Plant, Miami, Fla. 


Item Average 

Equivalent population (B.O.D.) 2,040 
Rainfall (in.) . 63.04 
Temperature, air (°F, ; 85 
Sewage treated (m.g.d 0.18 
Suspended solids, Gooeh (p.p.am. 

Influent 235 

Primary effluent 122 

Final effluent 13.7 
B.O.D. ( p.p.m 

Influent . S98 

Primary effluent . 241 

Final effluent 14 

Reduction, over-all (% 96 
Raw siudge: 

Pumped (g.p.d 1,323 

pH 6.6 
Digested sludge: 

lemperature (°F 81 

Days to dry 16 
Chlorine: 

Used, on effluent (lb./day) . 

Residual, 15-min. contact (p.p.m.) 0.9 
Power used (kw-hr. 

Per lb. B.O.D, removed .......... 


average maximum flow was 0.23 m.g.d. 
with peaks of 0.30 m.g.d., resulting in 
primary clarifier detentions of less than 
15 min. The average B.O.D. load was 
398 p.p.m. 

In addition to the 
the plant is 


increased load, 
plagued at with 
metal plating wastes, engine oil, and 
phenols resulting from chemical toilets 
Efforts to police 
the discharge of these wastes have met 


times 


used on the planes. 


with some success 
As a result of the overload conditions 
and treatment difficulties, plans were 


105 
Item Average 
Primary tank 
Settl. sol., influent (ml./1.) 5.2 
Settl. sol., effluent (ml./! 0.4 
Removal (% a 
pH, influent 7.5 
pH, effluent 7.2 
Aeration: 
Units used 2 
Hours per day 45 
Susp. sol., centrifuge (p.p.m.) .. 977 
Settled (%) .. ‘ 44 
Sludge vol. index .. pied ves,» 288 
D.O,, aerators (p.p.m. 1.2 
D.O., final eff. (p.p.m. Lo 
Final effluent: 
B.O.D, (p.p.m. 14 
M.P.N. 912 
Receiving stream: 
Flow (c.f.s.) 748 
Operating costs (#): 
Total for year ; 11,886.66 
Per m.g. 164.70 


prepared in 1953 and construction un- 
dertaken in 1954 on a high-rate, re 
circulation type, trickling filter plant. 
This new facility will replace the acti- 
vated sludge plant at 36th St. and an 
overloaded primary treatment plant at 
20th St. The new plant was placed in 
operation during 1954. 

In spite of a rainfall of 63 in., twice 
1951, 


been at a minimum 


as much as in infiltration has 
Operating data for 1953 are sum 


marized in Table [. 


13th Annual Report of the Kenosha, Wis., Sewage Treatment Plant 
for the Year 1953-* 


By Frank I, Viten, Superintendent 


General 


Operating costs for 1953 were higher 
due to salary increases for the perma- 
staff of ten. Also, extra labor, 
costing almost $3,000, was hired during 
Other con- 


nent 


the sludge removal season. 


* For last previous extract see THis Jour 
NAL, 25, 6, 734 (June, 1953). 


tributing factors were an unanticipated 
sum for welfare expenses; replacement 


parts for the comminutors; and in- 
creased pension cost as a result of the 
salary increase. The cost per million 
gallons treated was $16.35, an increase 
of $3.32 over 1952 costs. 


The wooden roof on No. 1 digester 
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was replaced using Wolmanized lum- 
ber. In addition, 30 per cent more 
hot-water heating coils were installed 
in this digester. A new floor covering 
was laid in the laboratory. Through- 
out the year a strict schedule of equip 
ment inspection and maintenance was 
carried out. This included overhaul 
of pumping engines; quarterly inspec 
tion of clarifiers, flocculators, and grit 
equipment; and necessary painting. A 
yard hydrant and water main were 
constructed for fire protection and 
cleaning purposes. 

The year 1953 was warmer and drier 
than 1952. Total precipitation of 22.5 
in. was 6 in. less than the plant 13-yr 
average, All months except July and 
December had less than average rain 
fall. The temperature was higher and 
the mean for the year was 50.2° F. As 
a result of the deficiency in precipita 
tion, the daily average sewage flow 
amounted to 13.6 m.g.d. as compared 
to 16.2 mg.d. the preceding year 
Treatment efficiencies were somewhat 
better. 
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It is interesting to note that 5,000 
m.g. of sewage were pumped and 
treated, resulting in the removal of 
3,900,000 lb. of putrescible matter, as 
dry solids—equal to the load capacity 
of a 25-car freight train 


Industrial Wastes 


Principal manufacturing activities 
in Kenosha are in the metals industry 
field. These industrial wastes consti- 
tute an estimated 28 per cent of the 
daily flow. Although the wastes have 
little organic significance the toxic sub- 
stances contribute materially to the 
pollution load. 

Copper compounds are the most im- 
portant toxic substance received at the 
plant; it frequently is in sufficient 
quantity to inhibit biological processes. 
Routine laboratory checks on the 
sludges indicate an average copper con 
centration of 0.32 per cent. Other 
toxic wastes are also closely checked. 

Excellent cooperation has been evi- 
denced by the local industries on the 
discharge of their wastes. Corrective 


TABLE I1l.—Summary of 1953 Operation Data for the Kenosha, Wis., Sewage 
Treatment Plant 


Item Average 

Rainfall (in.) 22.45 
Sewage flow (m.g.d 13.62 
Pop served (eat.) 55,500 
Grit removed (cu. ft./m.g.) 0,003 
Susp. solids (p.p.m 

Influent 136 

effluent 59 


Reduction (% 7 


Sett. solids (ml./l.) 


Influent 1.57 

Effluent 0.08 

Reduetion / 95 
pH 

influent 7.4 

fhluent 7.3 
B.O.D., 5-day 

influent 108 

ffluent 50 

Reduction (%) ... ad 54 


Chlorine demand (p.p.m 
Influent 7.2 
Mfluent 4.3 


Item Average 

Raw sludge data 

To primary (gal./day) 5,650 

To secondary (gal./day .. 7,200 

Solids (% 8.99 

Dry solids (lb./day) . 9,740 

Vol. solids (% 59.6 

pH . 6.7 

Grease (‘ 21.9 
Dig. sludge data 

Solids 14.4 

Dry solids, total (tons ’ 781.2 

Vol. solids (% ; 45.5 

Grease (“% 17.7 
Sludge gas data 

Gas produced, total (m. eu. ft. 14.64 

Per m.g. sewage (cu. ft.) ... 2,950 

Per lb. drv sol. (cu. ft. 4.14 

Per lb. dry vol. sol. (eu. ft.) .. 6.95 

Per daily (cu. ft.) 0.7 
Supernatant 

Dry solids (% 0.66 

54.1 
Operating cost ($): 


Per m.g 16.35 


} 

; 
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measures have been applied to the 
problems brought to their attention ; 
special analyses have been performed 
when treatment plant laboratory equip- 
ment was not adequate; and an aware- 
ness exists that an unsolved industrial 
waste problem is as bad for industry as 
it is for the community. 


Industrial Waste Study 


During the year, a laboratory-scale 
experiment on the effects of a wire- 
coating compound on digestion was 
conducted at the treatment plant. ‘The 
compound had certain manufacturing 
advantages, but the company officials 
first wanted assurance that the spent 
compound would not adversely affect 
the sludge digestion process. This co- 
operative experiment afforded an op- 
portunity to predetermine the effects of 
an industrial waste. Test results indi- 
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cated that the material would not ad- 
versely affect sludge digestion. 


Gas Production 


Sludge gas production of 6.95 eu. ft 
per pound of dry volatile solids repre 
sents a considerable increase over the 
1952 rate of 5.94 en. ft. of gas. This 
is attributable to generally more favor 
able conditions, such as warmer weather 
and matter due 
to storm flows. Less supplemental fuel 
was purchased and less use made of 


less loss of organic 


the standby electric sewage pump as a 
result of the drier and warmer weather 
Approximately $3,000 was saved in 
fuel and electric power costs. Of the 
total gas produced, 92 per cent was 
utilized for pumping and heating. 

The 1953 operating data are sum 
marized in Table II. 


GASOLINE ENGINE CONVERSION 


By A. L. McGrr 


Superintendent, Sewage 


When the gasoline standby engine at 
the Chehalis, Wash. sewage treatment 
plant was replaced with a larger diesel 
engine, the opportunity presented itself 
to construct an electric generating set. 
Conversion of the gasoline engine to 
burn sludge without treatment, 
was made with a minimum of difficulty. 

The engine (Figure 1) drives a 30- 
kw. generator, which furnishes all the 
electric power used at the plant and 
in addition heats the buildings and di- 
gesters. Gas consumption averages be- 
tween 7,000 and 10,000 eu. ft. per day, 
depending on the electric load. 


yas, 


Engine Modification 


The existing carburetor was left on 
the engine and a *%4-in. pipe was 
spudded in. To this was attached a 
safety lock-off valve and a 1-in. solenoid 


Treatment 


Plant, Chehalis, Wash. 

valve. The latter is part of the engine 
safety control. Two *%-in. gas meter 
ing valves: were installed. One is used 
for metering digester gas; the other, 
connected to the intake manifold line 
from the sealed crankcase, is used to 
aspirate oil to the valves and guides, 

A compression ratio of approxi 
mately 7.5 to 1 is obtained. The ig 
nition is advanced 17° before top dead 
center. The engine starts very well on 
digester gas; no other fuel is necessary 
However, operation is equally satis 
factory on propane or gasoline. 


Utilization of Engine Heat 


A 185° F 
the water 


thermostat is installed in 
cooling line. The water 


pump circulates this water through the 
digester heat exchanger, resulting in 
better heating on less gas consumption 
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than interlock is 
vided between the 
and the heating equipment 
Digester temperature of 117° to 120 
factorily maintained. 

heat 
diverting the exhaust gases through th 


previously An pro 


new arrangement 


original 


I’, can be sati 


Engine exhaust is utilized by 


boiler tubes of the plant heating sys 
tem and thence, by means of a blower 
flexible duet to the hollow 


floating cover on the primary digester 


through a 


A dual purpose is served by this ar 
rangement The top of the 
| heated 


diges 


and moisture condensation 


with the resulting corrosion of the 


structural steel, is prevented Pi 
riodie aspiration of oil through the ex 
haust blower prevents the formation of 
metal digester 


rust and cule on the 


eover 
Safety Switch 

To protect the engine from overheat 
ing, oil pressure drop, or generator 
voltage drop, a safety switch was made 
cut-out 
(Figure 2 
started by first by 


from a 6-v. generator coil 


switches, and solenoid 


The 


engine 1S 
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FIGURE 1.—Converted gasoline engine uses untreated sludge gas. 


passing the solenoid valve on the di 


gester gas line. With the engine 
operating, the 6-v. generator actuates 


the cut-out coil, thereby closing the 

circuit to the digester gas line solenoid, 

which opens the gas supply line. 
Normally open hot-water and oil pres 


sure switches close when water tem 
perature exceeds 200° F. or oil pres 
sure drops, grounding the 6-v. gen- 


erator and de-energizing the 
coil The 110 


opened, causing the gas supply solenoid 


cut-out 


solenoid cireuit is 


Hot water Digester 
ges line 
pressure 
Seleneid 
valve 
Cut-out coil 
(6-v, cireuit) (110-v, cireuit) 
( 


6-v. Generator 
(gas engine) 


110-y¥. 

generator 

FIGURE 2.—Wiring diagram for gas 
engine safety switch. 
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to close, thus shutting off the engine. 
A drop in 110-v. generator output also 
will de-energize the gas line solenoid. 


Results 


With a rating of 24.5 hp. at 1,400 
the converted gasoline engine- 
generator set produces 400 kw-hr. per 


r.p.m., 
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day. In addition, heating capacity 

estimated at 350,000 B.t.u. per hour is 

produced 
Total 


cost of the engine-generator, 


including all wiring, was approxi- 
mately $2,000. The unit has been op- 
erating continuously since October, 


1953, except for inspections to check 
wear, at a parts cost of less than $35. 


TIPS AND QUIPS 


Quarter Century Operators’ Club 


Frank Woodbury Jones, Chairman 
of the Quarter Century Operators’ 
Club during the 13 years, was 
succeeded at the Federation’s Cinein- 
nati meeting (Oct. 11-14, 1954), by 
Henry Van Der Vliet, Superintendent 
of the Rutherford, N. J., Joint Meet- 
ing. 

During the year the active member- 
ship roll was increased by the addition 
of five although the 
passing of John Simmerman, Pittman, 
N. J., brought a note of 
Twenty-two members were present at 
Cincinnati for one of the best turnouts 
in years, 

Newly qualified members were Ed- 
win C. McKeeman, Superintendent of 
Sanitation, Freeport, N. Y.; Carl C. 
Larson, Chemist, Springfield (IIL) 
Sanitary District; Clarence T. Mud- 
gett, Superintendent, Sewage Treat- 
ment Plant, Muskegon, Mich.; Andrew 
Palmer, Superintendent, Plainfield 
Joint Meeting, Dunellen, N. J.; and 
Russell 8. Smith, currently a public 
health engineer, USPHS, Cincinnati, 
Ohio. The roster includes 46 living 
members and nine deceased. 

To be eligible for membership in the 
Quarter Century Operators’ Club, the 
candidate must have been in full-time 
resident charge of the operation of a 
sewage treatment plant 25 years prior 
to date of his admission to the club 
Eligible persons are urged to contact 
the chairman of the club, whose ad- 


past 


new members, 


sadness. 


dress is: Henry Van Der Vliet, P.O 
Box 281, Rutherford, N. J. 


Maintenance Brochure 


A new edition of ‘‘Good Operating 
Practices,’’ an illustrated 12-page bro 
chure containing 101 
maintaining plant buildings and equip- 
ment, was recently issued by Johns- 
Manville. It contains the latest ree- 
ommendations for getting the best 
out of insulations, packings, 
refactory products, roofings, and frie- 


suggestions for 


service 


tion materials. Copies are available 
from Johns-Manville, 22 East 40th 
Street, New York 16, New York. 
Air Tool Efficiency 
Sewage treatment facilities and 


sewer maintenance sections large or 
small may need to make a check of 
their air tools and lines. 


Fittings Losses 


Quick-disconnect type air line fittings 
require periodic inspection 
After months of service, the rubber 
washers and metal valves in them can 
become worn and greatly restrict air 
The effect is shown in Table 


regular 


passage 

Tool manufacturers have standard. 
ized their equipment for 90 p.s.i. op- 
The delivery power 
of pneumatic tools is reduced if the 
pressure falls below 80 p.s.i., and un- 


erating pressure, 
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TABLE I.-—-Tool Efficiency Due to 
Worn Fittings 


Line Efficiency (% 
l’remaure 
ps Old New 
102 5 100 
100 27 588 
80) 100 
is 100 
56 
56 


due wear occurs if the pressure goes 
above 110 p.s.i 

By specifying the best type of fit 
ting, the tool pressure drop through 
a good quick-disconnect fitting and 
valve is only 3 p.s.i. or 5 per cent of 
tool efficiency 


('auses ol Power Loss 


lmproper size and length of hose ac 
counts for considerable power loss, 
whether on a hand tool or a pavement 
breaker. The smallest inside diameter 
rubber hose recommended by air tool 
manufacturers is 5/16-in. Tests hav 
shown that as much as 1 p.s.i. per foot 
of hose is lost when diameters ar 
slightly undersize. In some cases it 
was found that 25 ft. of hose were 
used when 6 ft. would have been suffi 
cient. A gain of 2 p.s.i. was made by 
merely uncoiling the hose, thereby r 
ducing the resistance to air flow. 

A typical situation which can occur 
is one in which a ¥4-in. hose from an 
air outlet is plugged to a hose of larger 
diameter. Here the capacity is limited 


rABLE II.—Tool Efficiency Due to Improper 
Hose Sizes and Lengths 


j-In. ILD j-In. 1.D 
Lengtl lool Length Tool Eff 
(ft %) (ft.) (%) 
| 

106 12 76% 12’ 100% 
100 } 15’ 36% 12’ 100% 
08 14’ 16% 12’ 90% 
67%, 12’ 929, 
14’ 
4 20° 339 
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by the first undersized hose. By merely 
removing the first hose, tool efficiency 
was increased 42 per cent. Table II 
gives examples of gains made by pro 
viding proper hose sizes 


Mal-Practices 

One common wmal-practice is to 
take the tool outlet from the bottom 
of the feed pipe, tending to make a 
water trap out of the outlet. Damage 
can occur to a pneumatic tool through 
lack of lubrication. As lubricant dis 
appears, small parts and gears begin to 
wear excessively, resulting in early tool 
failure. 

Adequate hose size to the tool, with 
*%.in. hose as the minimum, together 
with the shortest convenient length and 
regular inspection of tools, fittings, 
and hoses, will materially increase too] 
efficiency and life. 


Iowa Operator Certification 


Experience gained in certifying 85 
sewage treatment plant operators in 
four grades has prompted the Certifica 
tion Committee, in the second annual 
report of the voluntary operator certi- 
fication program of the lowa Sewage 
Works Association (see THis JOURNAL, 
25. 4. 503: Apr., 1953), to highlight 
its objectives and recommendations. 

Establishment of a short course by 
the association’s Education Committee 
and interesting of municipalities in the 
program, were first steps in accomplish 
Having deferred 
the writing of specific rules and regu- 


ing the objectives. 


lations pending accumulation of ex 
perience, the committee recommended 
that consideration be given to educa 
tion and experience requirements, a 
minimum passing examination grade, 
and short course credit. 


Secretary for the committee is Paul 
solton, Iowa State Department of 
Health, Des Moines, lowa 
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Federation Affairs 


TWENTY-SEVENTH ANNUAL MEETING REPORT 


The 27th Annual Meeting of the 
Federation, held at the Netherland 
Plaza Hotel in Cincinnati, Ohio, on 
October 11-14, 1954, was the second 
largest in number of persons regis- 
tered, and among the very top from 
the point of view of program interest 
and suecess. Not only was the total 
registration of 1,103 the second highest 
in Federation history, but the men’s 
total of 898 and the ladies’ total of 
205 also were the second highest in 
their respective categories. Geographi- 
cally, members or guests were regis- 
tered from 37 states, the District of 
Columbia, Alaska, Canada, England, 
Netherlands, and Switzerland. 

The enormous success of the meet- 
ing in all its phases is due in large 
measure to the effort and enthusiasm 
of the host Ohio Sewage and Industrial 
Wastes Treatment Conference, as rep- 
resented by the Local Arrangements 
Committee headed by Arthur D. Cas- 
ter. The great attention to planning 
details by the various local committees 
greatly enhanced the enjoyable atmos- 
phere of the meeting and made it one 
that will be long remembered by those 
in attendance. 

The 27th Annual Meeting was con- 
vened at 10 am on Monday, October 
11, 1954, by President L. J. Fontenelli. 
Following the invocation by Rev. Dr. 
Melvin R. Campbell, and a welcoming 
address by City Engineer T. J. Mont- 
gomery, President Fontenelli com- 
mented briefly on Federation activities 
during the previous year. The report 
of Executive Secretary-Editor W. H. 
Wisely concluded the business portion 
of the opening session. 


Technical Program 


Topics of broad general interest, as 
well as many papers on specific pollu- 
tion and waste treatment problems, 
characterized the technical program de. 
veloped by the Program Committee 
under the chairmanship of F. W. Gil- 
creas. Both the Operator’s Forum and 
the Industrial Wastes Forum were well 
attended and received, the lively dis- 
cussion in each being indicative of the 
intense interest aroused. 

The technical program was as an- 
nounced in the ‘‘27th Annual Meeting 
Preview’’ (see THis JourNAL, 26, 9, 
1182; Sept., 1954). Technical program 
papers are to be published in 1955 
issues of the Journal, beginning with 
the February issue, 

A highlight feature of the program 
was the premiere showing of the new 
edition of the General Electric film 
‘*Clean Waters,’’ which was later re- 
run, by popular demand, for the ladies 
in attendance, 


Entertainment Events 


The featured entertainment of the 
meeting was an excellent amateur stage 
show in South Seas theme and setting, 
offered by members of the staff of the 
Division of Sanitary Engineering, 
I}linois Department of Public Health 

The Federation Luncheon, held in 
the Pavillon Caprice, was well at- 
tended. Although an unfortunate con- 
fusion of arrangements for which he 
was in no way responsible kept the 
scheduled speaker from being present, 
his place was ably filled by E. J. 
Cleary, Executive Director and Chief 
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Engineer, Ohio River Valley Water 
Sanitation Commission, who related his 
experiences as a participant in the 
1954 European Sanitary Engineering 
Seminar, held in Yugoslavia and spon- 
ored by the World Health Organiza 
tion and the Rockefeller Foundation 
The Annual Federation Awards Din 
ner, held in the beautiful Hall of Mir 
rors on Wednesday evening, October 
13, was attended by some 660 members 
and guests At the dinner, President 
Fontenelli presented the annual Fed 
eration awards and introduced the new 


z officers Dancing followed in the Pa 
villon Caprice to complete a gala eve 
ning 

Ladies’ Entertainment 
Much favorable comment was 


about the excellent ladies’ program 
planned by the local Ladies’ Enter 
tainment Committee under the chair 
manship of C. H, Allen 

The extremely cordial and gracious 
spirit of hospitality with which the 
Ladies’ Committee members welcomed 
and entertained the visiting ladies was 
deeply appreciated by all 

The Monday afternoon Fashion Show 
and Tea, including a packing demon 
stration and talk on air travel, was 
generously sponsored and financed by 
the Ohio Sewage and Industrial Wastes 
Treatment Conference. This provided 
an excellent opportunity for all the 
ladies to meet and get acquainted, 

On Tuesday, a visit was made to the 
Procter and Gamble Company’s Ivory 
dale plant, where the manufacturing 
of soap products and vegetable short 
ening is carried on under the most 
modern scientific conditions, On the 
return trip the buses passed several 
major points of interest, including the 
University of Cincinnati, the beautiful 
railroad terminal station, and the 
unique downtown church area. 

A visit was made on Wednesday to 


the world-famous Rookwood pottery 


and the Eden Parks Plant Conserva 


tory, followed by a drive along the 
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Ohio River on the beautiful Columbia 
Parkway. The day’s activities were 
climaxed by return to the convention 
hotel for the Federation Dinner and 
Dance. 


Inspection Trip 


An impressive entourage visited both 
the new Robert A. Taft Sanitary Engi 
neering Center of the USPHS at Cin 
cinnati’s Little Miami sewage treat 
ment plant. The former houses thy 
main research activities of the USPHS 
in the sanitary engineering field, as 
well as providing excellent facilities for 
presentation of training courses, ete 
The latter is the first of four plants 
intended to serve the Cincinnati 
metropolitan area 


Manufacturers’ Exhibit 


New equipment, products and proc 
ess developments were displayed in an 
extremely interesting and informative 
exhibit arranged by the Water and 
Sewage Works Manufacturers’ Associ- 
ation as a co-feature of the Cincinnati 
meeting. All space allotted for dis- 
plays was fully utilized to best advan- 


tage by the various manufacturers. 


Ohio Conference Business Luncheon 


The Ohio Sewage and Industrial 
Wastes Treatment Conference, host for 
the Federation meeting, held its 1954 
Annual Business Meeting in conjune- 
tion with a Conference luncheon on 
Wednesday, October 13 

After President Fontenelli had ex 
pressed the gratitude and appreciation 
of the Federation for the Ohio group’s 
part in making the meeting such a 
success, the following officers were 
elected for 1954—5: 


Chairman: W. D. Sheets, Worthington. 

Ist Vice-Chairman: G. A. 
Middletown. 

2nd Vice-Chairman: F. Ruck, Troy. 

FSIWA Director: G. A. Hall, Colum 
bus 


Pettit, 
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Secretary-Treasurer: W. E. 
Columbus. 


Conrad, 


In addition, it was voted to establish 
new Conference awards to be known 
as the Dean Stewart Award and the 
J. W. Ellms Award. The former is 
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to be given annually for outstanding 
plant operation; the latter, to consult- 
ing engineers, state engineers, or mu- 
nicipal administrators for outstanding 
activity and accomplishment in their 
respective fields. 


BOARD OF CONTROL MEETS AT CINCINNATI 


Most noteworthy of the actions taken 
at the 27th Annual Meeting of the 
Federation Board of Control at Cincin- 
nati was the acceptance, with relue- 
tance, of the resignation of Executive 
Secretary-Editor W. H. Wisely; and 
appointment of Ralph E. Fuhrman, 
Past President of the Federation, to the 
position. To provide for the transition, 
Mr. Fuhrman’s appointment was made 
effective December 1, 1954, Mr. 
Wisely’s resignation being effective 
January 15, 1955. Mr. Wisely is leav- 
ing the Federation staff after 14 years, 
to become Executive Secretary of the 
American Society of Civil Engineers. 
He had been Executive Secretary of 
the Federation since 1941 and Editor 
since 1944, 

Other actions of the Board included 
the following: 


1. Authorization of the preliminary 
steps necessary in case it is decided to 
move the Federation headquarters 
office to the Washington, D. C., area. 

2. Acceptance in principle, and ref- 
erence to the Executive Secretary for 
prosecution, of a resolution drafted by 
the Operators’ Forum session urging 
all Member Associations to initiate and 
press educational campaigns in their 
areas on the importance of securing 
and retaining competent personnel in 
waste treatment plants. 

3. Revision of the 
rules. 


Bedell Award 
In brief, Member Associations 
will be eligible to name recipients of 
these awards on a sliding scale based 
on the number of members enrolled on 


the previous September 30. Details of 
the arrangement are given elsewhere in 
this issue. 

4. Suspension of the Hatfield Award 
competition for 1955. 

5. Broadening of the interpretation 
of the duties of the Industrial Wastes 
Committee to permit inter-organization 
effort to coordinate aims and eliminate 
unnecessary duplication of work. 


For the meeting of the 1954 Board 
on October 10, 48 officers and directors 
answered roll call. This is thought to 
be the largest Board meeting to date. 
Roll call for the October 14 organiza 
tion meeting of the 1955 Board re 
vealed 33 in attendance. 


New Officers 


The following officers were elected 
on October 10 for the terms indicated : 


President; David B. Lee, Jackson- 
ville, Fla., to October 1955. 

Vice-President: George W. Martin, 
Green Bay, Wis., to October 1955. 


Treasurer: W. W. DeBerard, Chi 
cago, Ill., to October 1955. 
Director-at-Large: R. R. Kennedy, 


San Francisco, Calif., to October 1957. 


In addition, Ralph E. 
Washington, D. C., was appointed on 
October 14 as Executive Secretary- 
Editor for 1955 and 1956. This ap- 
pointment was made in view of the 
resignation, effective January 15, 1955, 
of W. H. Wisely, Executive Secretary 
since 1941 and Editor since 1944. 


Kuhrman, 


Vol. 27, N = 
- 
i" * 
4 
id 
3 


114 SEWAGE AND INDUSTRIAL WASTES 


outlines for the 
President, Vice-President, and Execu- 
tive Secretary-Editor are given else- 
where in this issue. 


Experience new 


1954 Awards 


The following honors and awards, as 
conferred by the Board, were presented 
or annouced by President Fontenelli at 
the Annual Awards Dinner on October 
13 


Elected as Honorary Members were 
William Thomas Lockett of Middlesex 
England, Albert Edward Berry 
of Toronto, Canada, both internation 
ally famous in the Federation’s sphere 
of endeavor 

The Harrison Prescott Eddy Medal 
William J. 
Harold B. Gotaas, Harvey F. 


and 


was earned by Oswald, 
Ludwig, 
and Victoria Lynch, of the University 
of California or the U. 8S. Publie Health 
Service, for their research contribution 
‘** Algae Symbiosis in Oxidation Ponds,’’ 
Parts Il and III (Tus Journan, 25, 
1 and 6, 26 and 692: Jan. and June, 
1953). 

The Gascoigne 
Medal Robert Ditt 
mar Bargman, of Los Angeles, Calif.. 
for his contribution ‘‘ Organization and 
Management 


George Bradley 


was conferred on 


Control in a 
Treatment Plant’’ Journau, 25, 


Sewage 


10, 1145: Oct., 1953). 
The Industrial Wastes Medal was 
awarded posthumously to N. H. San 


born for his contribution ‘‘ Disposal of 
Food Processing Wastes by Spray Ir 
rigation’’ (THis JouRNAL, 25, 9, 1034; 
Sept., 1953 

For his numerous scientific contribu 
tions to technical programs and to the 
Journal, for his long and distinguished 
Standard Methods and 
Committees of the Federa- 
tion, and for his guidance to the Fed 


service in the 
Research 


eration and support of its interests in 
the standard methods research program 
as conducted 1947 to 1952 with 
National Institutes of 
Ruchhoft 


from 
the aid of the 
Health, 


Clarence C., was 


January, 1955 


awarded the 1954 Charles Alvin Emer- 
son Medal. 

Nominations for the 1954 Arthur 
Sidney Bedell Awards, for service to 
Member Associations of the Federation, 
were confirmed by the Board as fol- 
lows: Arthur N. Beck (Alabama) ; 
Merle V. Ellis (Arizona) ; John Wesley 


Wakefield (Florida); Max Priiss 
(German); Gilbert Thorp Cotterell 
(ISE, England); Leland A. Talbot 


(Kansas); Charles A. Haskins (Mis 
Schaetzle (Ohio) ; 
Bernard 8S. Bush (Pennsylvania) ; and 
Arnold Hoerler (Swiss). 

William D. Hatfield Awards for out 
standing plant operation reports were 
presented to Uhl T. Mann, Syracuse, 
N. Y. (Class II); J. BE. Meers, Bloom 
Township, Ill. (Class I1, Previous Win- 
ner); and C. W. Christenson, AEC, 


Los Alamos, N. Mex. (Industrial). 


souri) ; Theodore ( 


Member Classification 


A proposal regarding creation of a 
new membership that 
would not require the Journal to be 
taken, referred to the Constitution and 
By-Laws Committee by the 1954 Board, 
was again referred to the committee by 
the 1955 Board on its request that its 
report held 
over for the next annual meeting of 
the Board to allow more careful analy 
sis and study. 


classification 


and recommendations be 


Membership 


The Secretary reported that the ag 
gregate Active and Corporate member- 
ship of the 38 associations comprising 
the Federation was at a record high 
of 6,202 on September 30, 1954, a gain 
The nu 
merical gain of 440 during the year 
was the fourth highest in the Federa- 
tion’s history. 


of 7.6 per cent for the year. 


The Pennsylvania association, with 
an increase of 128 members for the 
contest period, was an easy winner of 
the 1954 


numerical inerease prize. 
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The record numerical increase of 135 
members was set by this same associ- 
ation in 1948.) Other numerical in- 
crease leaders were the Texas, Pacific 
Northwest, Florida, Canadian, and 
New Jersey associations. 

The Puerto Rico association, with a 
65 per cent membership increase, won 
the percentage increase prize for the 
second year in succession. Contenders 
for this prize included the South Caro 
lina, Georgia, Texas, and Oklahoma as- 


sociations 


Financial 


The operating budget adopted for 
fiscal 1955 is balanced at $103,000. 
Provision is made for all necessary 
in the Federation's 
expanded research activities, the em 


ploy ees” 


foreseeable costs 
retirement pension plan, and 
In addi- 
transfer from surplus to a 
maximum of $5,000 was authorized to 
meet 


other operational features. 
tion, a 


possible costs incidental to re- 
organization which may be required 


BEDELL AWARD 


As a result of recommendations by 
a special committee appointed to 
draft a revision of the rules governing 
the Arthur Sidney Bedell Award, the 
Federation Board of Control adopted 
news rules recognizing the size of the 
Member Associations in the allocation 
of the number of awards to be author- 
ized, The recommendations as adopted 
are as follows: 


1. That the number 
Member Association be 


of awards per 
as follows: 

34 members 
249 
499 
749 


...» By petition only 
..1 per 3 years 
2 per 3 years 
3 per 3 years 


members 
members 
members 
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due to the change in Executive See 
retary-Editor personnel. 

Audited net worth of the Federation 
at the end of 1953 was $71,909.29 
Once again, a modest increase is in 
dicated for the year 1954 


Boston in 1957 


Meeting places for the 1955 and 1956 
meetings already approved by Board 
action were Atlantic City, N. J., and 
Los Angeles, Calif., respectively. Bos 
ton has now been officially designated 
as the 1957 meeting place, with the 
Hotel Statler as headquarters. 

A new invitation received verbally 
from the Michigan Sewage and Indus- 
trial Wastes Association to meet in 
Detroit was referred to the Meeting 
Place Committee. Invitations from 
Member Associations were already on 
hand as follows: Canadian Institute 
(Toronto), Pennsylvania ladel- 
phia), Central States (Milwaukee), 
Texas, Rocky Mountain (Denver), and 
Pacific Northwest (Portland or Seat- 
tle). 


RULES CHANGED 


but that if any Member Association in 
the 0 to 34 class increases its member- 
ship by 50 per cent and is still under 
45 members, it shall by petition be 
favorably considered for an award be 
fore reaching the 35-member status to 
allow eligibility for one nomination in 
a 3-year period 

2. That no Member Association nomi 
nate more than one recipient per year 

4. That the awards for the succeed 
ing year be made in accordance with 
the schedule and 


accompany ing re- 


viewed as to eligibility as of the pre- 
ceding September 30, 
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Bedell Award Schedule as Adopted by Board of Control on October 14, 1954 


Members Past Awards 
Member Association 

9-30-54 1951 1952 1953 1954 
Alabama 34 
Arizona 5 ] l 
Arkansas 64 ] 
California 552 I 
Canadian Institut 123 | l 
Central States 618 l 
Dakota 3 | 
Federal passed 
Florida 182 
(,eorgia 52 
Germany 
lowa 115 l 
ISk-England 26 
ISP-England 133 | 
Kansas 6 ! 
Kentuck Pennesses 
Louisiana passed 
Maryland-Delaware 62 
Michigan | 
Missouri 39 | 
Montana 45 
Nebraska 38 iffil 
New England 347 
New Jersey 22:5 l 
New York OLS ] 
North Carolina 120 
Ohio 347 l 
Oklahoma 
Pacific Northwest 27 | 
Pennsylvania 513 l | 
Puerto Rico 1S 
tock y Mountain 74 | 
South Carolina 17 I 
Sweden 73 affil 
Swiss 15 | | 
Texas 201 | l 
Virginia 103 l 
West Virginia 65 I 
lotal 6.202 | 8 | II 13 10 


* Conditional upon continuing membership 
* Year eligible to petition for one nomination 


| Nominations 


DAVID B. LEE NEW PRESIDENT 


David Bb. Lee, Director of Bureau 
of Sanitary Engineering, Florida State 
Board of Health, became the 15th 
President of the Federation at the or 
ganization meeting of the 1955 Board 
of Control, held at Cincinnati, Ohio, on 
October 14, 1954 


January, 1955 


Future Schedule 


| per 3 Years | 1965 | 1956 | 1957 
3 
2 
3 | 
| 
| 
| 
2 I' 
2 
| 
| ! 
fen 
2 | 
| 
2 
3 = 
| 
| 
| | 
17 15 14 


After graduating from the Univer- 
sity of Florida in 1932 with the degree 


of Bachelor of Science in Engineering, 


Mr. Lee held positions as field engineer, 


district 


engineer with the Florida State 


Health 


of 


During this period 


engineer, and malaria control 
Soard 


(in 
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1937) he received a Master of Science 


27TH ANNUAL MEETING REPORT 


117 


sociation, the Florida Anti-Mosquito 


in Engineering degree from Harvard? pAssociation (President 1946-7), the 


University. 

In 1941 he was appointed to his pres- 
ent position as Director of the Bureau 
of Sanitary Engineering. His service 
in the Sanitary Corps, U. S. Army, 
from 1942-5 included command of the 
ith Malaria Control Unit in New 
Guinea (1943-4) and specialist in 
malaria control engineering with the 
Institute of Inter-American Affairs. 
Since 1948 he has been a special con- 
sultant to the USPHS on sanitary en- 
vineering problems, and was a member 
of the United States delegation to the 
Second World health 
Rome (1949). 

Mr. Lee is a Registered Professional 
Engineer in Florida, a member of the 
National Council Commit- 
tee on Sanitary Engineering and En- 
vironment, a member of the Conference 
of State Sanitary Engineers (Chair- 
man 1948-9), and a member of the 
Florida Sewage and Industrial Wastes 
Association, having served the last or- 
ganization as its first President 
(1941-2). 

He also is a member of the Florida 
Engineering Society (President, 1952— 
3), the American Public Health As- 


Assembly in 


Research 


George W. Martin, Chief Engineer 
and Superintendent, Green Bay ( Wis. ) 
Metropolitan District, was 
elected to the Vice-Presidency of the 
Kederation at the Election Committee 
meeting on October 10, 1954. As an 
operating superintendent for 19 years, 
he is personally acquainted with the 
problems and requirements of plant 
operators and administrators; his pro- 
fessional activities give him an insight 
into and appreciation of the reasons 
behind current Federation objectives 
and future aspirations. 

Prior to appointment to his present 
position in 1935, Mr. Martin had been 


Sewerage 


GEORGE W. MARTIN ELECTED VICE-PRESIDENT 


Jacksonville Engineering Professions 


Club (President 1946), the American 
Water Works Association (Director 
1948-51), the Florida Committee on 


Eduea- 
), and the 
Association 


Water Supply and Sewerage 
tion (Permanent Chairman 
Florida Publie Health 
(President 1950-1). He also is a mem 
ber of several general engineering so 
cieties, In addition, he is the recipient 
of several engineering society awards, 
including the Federation’s Kenneth 
Allen Award (1948), the Florida En- 
gineering Society Award (1949), the 
Centennial Award of the University of 
Florida (1953), and membership in 
Sigma Tau. 

Besides serving as the Florida Di 
rector on the Federation Board of Con 
trol (1946-9), Mr. Lee also served as 
a Director-at-Large (1952—3), and as 
Vice-President of the Federation 
(1953-4). He has been a member of 
the Legislative Analysis, Emergency 


Planning, Executive, and Meeting 
Place Committees of the Federation. 


At present he is a member of the Ex- 
ecutive, Finance, Joint Policy, Meeting 
Place, and Honorary Membership Com 
mittees. 


resident and design engineer on con 
struction of municipal works through 
out the Midwest. It was as resident 
engineer for its construction that he 
gained his intimate knowledge of the 
Green Bay plant. He holds a Bachelor 
of Science degree and a Civil Engi 
neer degree from the University of 
Wisconsin, and a Professional Engi- 
neer’s license in Wisconsin. 

Besides holding membership in sev 
eral general engineering societies, Mr 
Martin is a the Central 
States Sewage and Industrial Wastes 
Association (President 1941-2) and the 


member of 
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SEWAGE 


AND 


Conference of Wisconsin Sewage 
Works Operators (President 1941) 
He has served the Federation as Di 
rector (1949-51) and as a member of 
the Sub-Committee on Sewage Treat- 
ment Plant Design (1953-5), the Con- 
vention Management Committee (1950 
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1), and the General Policy Committee 
(1948-9), and has been a recipient of 
the Federation’s Kenneth Allen Award 
(1946) and the William D. Hatfield 
Award (1949 He currently is a 
member of the Executive Committee 
and the Meeting Place Committee. 


RALPH E. FUHRMAN APPOINTED SECRETARY 


Among the major actions taken by 
the 1955 Federation Board of Control 
at its organization meeting on October 
14, 1954, was the appointment of Ralph 
EK. Fuhrman, formerly Deputy Di- 
rector, Department of Sanitary Engi- 
neering, Government of the District of 
Columbia, to the position of Executive 
Secretary-Editor of the Federation. 
Dr. Fuhrman’s appointment was made 
effective December 1, 1954, to allow for 
a transitional period before the Janu- 
ary 15, 1955, effective date of W. H. 

‘*Pete’’) Wisely’s resignation. 

Dr. Fuhrman holds the degree of 
Bachelor of Science in Civil Engineer 
ing from the University of Kansas, of 
Master of Science in Engineering 
(Sanitary) from Harvard University, 
and of Doctor of Engineering from 
The Johns Hopkins University. He is 
a Registered Professional Engineer in 
Maryland and the District of Co- 
lumbia, 

l‘ollowing graduation from the Uni 
versity of Kansas, Dr. Fuhrman in- 
structed at that school in applied me 
chanies and served as City Sanitary 
Engineer, Springfield, Mo.; Assistant 
Public Health Engineer, Missouri 
State Board of Health. In 1937 he 
went to Washington, D. C., as As 
sistant Superintendent of the District 
of Columbia Sewage Treatment Plant 
Ile became Superintendent in 1942, and 
in 1953 was made Deputy Director of 
Sanitary Engineering for the District 
of Columbia Government. He also has 


been recently a Lecturer in Civil Engi- 
neering at The George Washington 
University. 

Dr. Fuhrman is a member of the 
Maryland-Delaware Water and Sewer- 
age Association (President 1950-1) ; 
the American Water Works Associa- 
tion; the American Publie Health As- 
sociation, in which he is currently 
chairman of the Committee on Sewage 
Disposal; and the American Society of 
Civil Engineers, in which he is eur 
rently Vice-Chairman of the Sanitary 
Engineering Division Executive Com- 
mittee. 

He has served the Federation on 
the Membership (1934-7), General 
Policy (1942-9), War Service (1943- 
+), Legislative Analysis (1946-9), Ex- 
ecutive (1949-52), Meeting Place 
(1949-52), Finanee (1950-52), Nomi- 
nating (1950-), Honorary Membership 
(1950—-), and Joint Critical Ma 
terials (1950—-) Committees. He also 
served on the Board of Direction at 
three different times, representing the 
Missouri Water and Sewerage Confer 
ence in 1932 and again in 1934-7, and 
the Maryland-Delaware Water and Sew 
erage Association in 1946-8. He then 
served as Vice-President (1949-50) and 
President (1950-1) of the Federation. 
He is currently a member of the Pub 
lications, Joint Policy, Meeting Place, 
Convention Management, Honorary 
Membership, Nominating, Joint Criti 
cal Materials, and Sewage and Indus- 
trial Wastes Practice Committees, 
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Reviews and Abstracts* 


Polarographic Determination of Dissolved 
Oxygen in Dilute Sulfite Waste Liquor. 
By H. 8. Levine O. J. 
Anal. Chem., 26, 1297 (1954). 


Sulfite waste interferes with the deter- 
mination of dissclved oxygen by the 
Winkler technique because of free sulfur 
dioxide in the wastes. It is recommended 
that the polarograph measurement be 
made in a dilute solution of sulfite waste 
liquor at pH 4.1 with a 0.6-v. potential 
between the electrodes. The technique 
has good precision, but it is necessary to 
use several steps to calibrate the instru- 
ment. R. 8. INGous 


Colorimetric Determination of Zinc and 
Copper with 2-Carboxy-2’ hydroxy-5’ 
sulfoformazylbenzene. By M. 
ano J. H. Yor. Anal. Chem., 26, 
1345 (1954). 

A simple direct test for copper is de- 
scribed using a solution of 2 carboxy-2’- 
hydroxy-5’-sulfoformazylbenzene (Zincon) 
at pH 5.0. The same reagent can be used 
to determine zine directly at pH 9.0. The 
copper gives the same color as the zine at 
pH 9.0, but the zine produces no color at 
pH 5.0. 

A number of metal ions interfere, in- 
cluding aluminum, cobalt, manganese, 
chromium, and nickel. A method is de- 
scribed to eliminate the interferences by 
using an ion exchange column. 

R. 8. 


Studies of Waste Water Reclamation and 
Utilization. By A. F. Busn anp 8. F. 
Mu.trorp. State Water Poll. Control 
Board, Sacramento, Calif. Publ. No. 9 
(1954). 

This report covers the determination of 
(a) relationship of underground water pol- 
lution to methods and rates of spreading 
and percolation of reclaimed waste waters; 
(b) the effects on underground water pol- 


lution of increasing the rates of percolation 
of reclaimed waste waters by means of 
cropping and vegetation, additives to top 
layers of soil, forced irrigation, or other 
means; (c) degree of contamination and, 
or pollution of a variety of truck crops on 
maturity where the reclaimed waste waters 
from various sources, including sewage and 
industrial wastes, have been applied to the 
crops and spreading areas by flooding, 
spraying, or other means; and (d) the 
extent of odor or other nuisances which 
may result from such procedure. 

The report contains many charts and 
tables, not only for California, but also for 
other states. 

The authors conclude that sewage is a 
resource in many localities and is used in 
some parts of the United States for re- 
charge of aquifers. 

The distance contamination and pollu- 
tion will travel through soils appears to be 
a function of the percolation rate. Initial 
rates of percolation appear to range from 
0.5 to 200 ft. per day for spreading opera- 
tions and depend on various factors. 
Effluents from sewage plants providing 
only primary treatment, when spread on 
crops or land, appear to produce high ini- 
tial coliform bacteria counts in surface soil 
and on foliage wet by the effluent. 

The authors recommend that waste 
water should be considered a water re- 
source and that further studies be made of 
rates of percolation and degree of treat- 
ment required to handle the pollution 
load, also to remove salts (particularly 
sodium and boron) from sewage and in- 
dustrial wastes. Useful references and a 
bibliography are furnished. 

LANGDON PRARSE 


Recovering Silver and Acetate Base 
Eastman Kodak Company, Rochester, 
N.Y. Chem. Proc., 17, 9, 10 (1954). 
Recovery of silver and acetate base from 

waste film by the Eastman Kodak Com- 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., which 


might be suitable for abstracting in Tuts JouRNAL. 


Publications of public health departments, 


stream pollution control agencies, research organizations, and educational institutions are par- 


ticularly desired. 


325 linois Bldg., Champaign, III. 
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= 
pany is a problem of processing about 
400,000 |b. of scrap film per week and re- 
covering about 4,000,000 oz. of silver a 


year, worth approximately $3,500,000 
Four Cowles Ultrafast Dissolvers (each 
6,000-gal. capacity) were installed. Gela- 


tine (containing silver) is dissolved in a 
solution of dilute caustic soda at 190° F. 
A 3,000-lb. batch of chopped sorted film is 


pumped into each unit. Film base is 
also recovered, rinsed, and bleached. The 
first step, removing the emulsion from 
film base, has been reduced to 1.5 hr. 
LANGDON PEARSE 


Getting Sulfides Out of Waste Water. 
Eng., 61, 9, 132 (1954). 

The Texas Gulf Sulphur Co. has de- 
veloped and put in operation at its new 
Spindletop 


Chem 


Dome mine a process for 
treating | m.g.d. of waste water containing 
270 p.p.m. soluble sulfide and 74,000 
p.p.m. sodium chloride. Sulfurous acid 
burning sulfur is injected into 
The waste water is pumped to 
which 
drogen sulfide are removed. 
The effluent passes to a reactor, where it is 
detained for 2 hr. at pH 7.8. Lime slurry 
is then added to bring the pH to 7.2. 
Alum is then added as waste water passes 
to the flocculators, and thence to final 
separation in two 50-ft. diameter clarifiers 
The effluent is said to be stable, neutral, 
and clear salt water. 

LANGDON Pwarst 


gas made b 
the waste 

a gas 
containing hy 


separator in hydrocarbons 


Problems that Concern the Engineer in 
the Treatment of Trade Effluents—A 
Discussion. Jour. Inst. San. Eng., 53, 
Part 3, 95 (July, 1954). 

in Great 


Cotterell summarizes the problem 
tritain. Others urge a 
cutting oils, emphasize 
express concern with the atti- 
local 
charge ol 


closed 
eireuit. for pre- 
treatment 
tude of authorities in banning dis- 


industrial wastes to sewers, 
favor cooperation with industry and urge 
the appointment of competent trade efflu- 
ent inspectors, express surprise at any gen- 
eral delivery of untreated wastes to a sewer 
system particularly when acid, refer to an 


earlier memo by Cotterell and emphasize 


INDUSTRIAL WASTES 


January, 1955 


the flexibility of modern sewage treatment 
and the success with a sliding scale of 
charges for handling industrial wastes, 
laud research and recovery of waste ma- 
terial, and urge intelligent cooperation 
with industry LANGDON PEARSE 


Nitrate Treatment of Waste Waters Con- 
taining Hydrogen Sulfide. By Jb. 
SCHULZE. Gas- u. Wasserfach, 95, No. 
14 (1954). 
25 kg. of powdered NaNO; reduced 

HS from 12.8 to 9.3 p.p.m. when spread 

as a powder over the surface of a 4,000- 

cu. m. duck pond 1.5 m. deep. On a later 

date, 30 kg. of NaNO; reduced H.S from 

3 p.p.m. to 0 p.p.m. and 27 p.p.m. B.O.D. 

to 19 p.p.m. 54 and 270 p.p.m. NaNO, 

added to sewage reduced the B.O.D. from 

175 p.p.m. to 114 and 62 p.p.m., respect- 

ively, in six days. The species and physi- 

ology of the bacteria responsible for 
nitrate reduction are reviewed. 
Peter K. MUELLER 


Effect of Cabin Cruiser Waste Discharge 
on a Small Harbor. By W. T. Incram 
AND A. DiacuisHin. Proc. Amer. Soc. 
Civil Eng., 80, Separate No. 455 (June, 
1954). 

Weekend surveys covering bacterio- 
logical samples and observations of float- 
ing material were made in a small harbor 
during the 1953 yachting season. The 
data are tabulated to enable a study of the 
effects of population, recreational 
activities, periods of the day, and tides. 

Twenty per cent of the samples showed 
pollution levels equal to or greater than 
that for shellfish Boat 
concentration had no relation to results, 
the activity on them being most impor- 
tant. No marked effect 
was noted. The most objectionable fea- 
ture was the finding of floating solids of 
boat origin, which one-third the time con- 


boat 


allowed waters. 


accumulative 


tained fresh sanitary sewage solids. 

A short resume is included on regula- 
tions of a number of State Health Depart- 
ments covering discharge of wastes from 
boats. 


A. HasrurTHER 
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SEWAGE AND INDUSTRIAL WASTES 


‘The replacement of mechanical aeration 
equipment with Walker Diffusair units en- 
abled Birmingham, Michigan,to substantially 
increase the capacity of their aeration tanks 
without the expense of constructing addition- 
al tanks. Note that this installation is now 
cross roll circulation giving excellent tank 
roll without the use of top deflecting baffles 

Diffusair aeration equipment is designed 


to accomplish intimate mixing, oxygenation 


Viftusair Aeration Increases Plant Capacity 


and agitation of the tank liquor. The effec 


tive performance of these functions result 
in greater tank turn-over and increased agita 


tion and oxygenation plus improved over-all 


plant operation 


Many existing diffused air installations are 


now improving their operation and reducing 


acration costs by re-equipping present 


manifolds with this modern Diffusair equip- 


ment 


For economical and efficient acration, in 
vestigate Walker 


ment 


Process 


Diffusair « quip 


WALKER PROCESS EQUIPMENT, INC. 


Laboratories — 
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260 SEWAGE AND INDUSTRIAL WASTES 


Proceedings of Member Associations 


INSTITUTE OF SEWAGE 
PURIFICATION 


The 1954 Annual Conference of the 
Institute of 
held at Blackpool, England, on June 
21—5, 1954. The 650 
established a new record for attendance 
at the meeting. 

Papers of technical interest included 
the following: 


Sewage Purification was 


registration of 


Symposium on ‘‘The Evolution and 
Development of the Activated Sludge 
Purification in 
Great Britain,’’ comprising papers on 
“The Evolution of the Activated 
Sludge Process,’’ by William T. Lock- 
ett, Chief Chemist, Middlesex County 
Main Drainage Department; ‘‘The De 
velopment of the Process Using Dif- 
fused Air, with Special Reference to 


Process of Sewage 


the Manchester Pioneering Work,’’ by 
William T. Locket; The Birth of the 
Simplex Process at Bury Sewage 
Works,’’ by Joshua Bolton, former 
Manager, Bury Sewage Department; 
‘‘The Development of the Bio-Aeration 
by J. H. Edmondson, Gen- 
eral Manager and Engineer, Sheffield 
Corporation Sewage Disposal Depart- 
ment; ‘‘The Development and Applica- 
tion of the Partial Activated Sludge 
Method of Treatment at Birmingham,’’ 


Process,’’ 


by F. C. Vokes, Engineer, and 8. H. 
Jenkins, Chief Chemist, Birmingham 
Tame and Rea District Drainage 


Board; ‘‘The Operation of Diffused 
Air, Simplex and Bio-Aeration Plants 
at Manchester Works,’’ by 
Clarence Jepson, former General Man- 


Sewage 


(Continued on page 25a) 


sion. 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 

ALL SNOW GATES and Lifts are “ Parker- 
ized"’ for protection against rust and corro- 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW Gates & VALVES 


2437 East 24th Street 


Los Angeles 54, Calif. 
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SEWAGE AND INDUSTRIAL WASTES 


our integrated operation 


means undivided control 


of quality 


We are a wholly integrated pipe-producing unit 
with mines, quarries, blast furnaces and laboratories 
under one direction and control. 


What does this mean to you, a pipe buyer? It 
means that we are in the best possible position to 
take complete and undivided responsibility for the 
quality of our product . . . from raw materials to 
finished pipe. 


In addition to being able to control the quality of 
pipe-making raw materials at their sources, our 
Quality Control of pipe production gives further 
assurance to customers that the quality level of 
U. 5. Cast Iron Pipe is in excess of standard speci- 
fications. Our pipe is produced to our own quality 
control specifications, more exacting than the estab- 
lished specifications under which cast iron pipe is 
normally purchased. 


Pipe Plants 


AND IN@USTRIAL SERVICE 


U. S. PIPE G FOUNDRY COMPANY 


GENERAL OFFICES: BIRMINGHAM 2, ALABAMA 


A wholly integrated producer ... from mines and blast furnaces to finished pipe. 
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Rivers 
Improved Bio 


ager, Manchester Corporation 
Department; ‘‘The 
Aeration Plant,’’ by J. H. Edmondson 
‘‘Application of High-Intensity Sim 
plex Aeration Cones at Bury Sewag: 
Works,’’ by G. R. C. Marsden, Man 
ager, Bury Sewage Department; and 
The Large-Scale Application of the 
Diffused Air Process at the Mogden 
Works,’’ by C. B. Townend, Chief En 
rineer, Middlesex County Main Drain 
age Department 

Some Aspects of the Law and Prac 
tice Relating to River Pollution Pre 
vention,’’ by G. EB. Walker, Secretary 
and Solicitor, Thames Conservancy. 


Inspection trips were made to the 
everal pumping stations of the Black 


pool sewer system, the Withington 
ewage treatment plant of the Man 
chester Corporation and the Davy 
hulme sewage treatment plant of the 


Corporation 
William T, Lockett, Chief Chemist, 
Middlesex County Main Drainage De 


" 


~ 


~ 


Athena, Oregon 


(24’-0” diameter) 


222 West Adams Street 


Consultant 
FRANK R 


LAKESIDE ENGINEERING CORPORATION 


partment, was presented a certificate 
of Honorary Membership in the Fed- 
eration. 

New officers of the 
elected as follows: 


Institute were 
President: Arthur Key, London. 
Vice-President: Harold Taylor, Du 
kinfield 
Secretary: Arnold Kershaw, Slough. 
W. FREEBoRN, 
Secretary 


IOWA SEWAGE WORKS 
ASSOCIATION 

The 36th Annual Meeting of the 
lowa Sewage Works Association was 
held at the Hotel Russell-Lamson, Wa- 
terloo, lowa, September 14-16, 1953. 
Total registration for the meeting was 
118, including 9 ladies. 

Papers presented at the meeting in 
cluded the following: 


‘‘Survey of Industrial Wastes in 


(Continued on page 30a) 


SPIRAGESTER 


Modern 
Low Cost 
Efficient 


Combination 
Waste Treatment 
Unit 


for 


Municipalities 
Industries 
Sub-Divisions 
Schools 
Hospitals 
Resorts 


Bulletin 124 


OFNER available upon request 


Chicago 6, Illinois 
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36 MILES OF CLAY PIPE 


serve New Louisville Plant 


A 36-mile network of Vitrified 
Clay Pipe—one of the largest 
sewerage and drainage projects 
ever undertaken for a single indus- 
trial plant — has been installed at 
Appliance Park... a 942-acre site 
adjacent to Louisville, Ky. This is 
the new plant where all General 
Electric Major Appliances will be 
manufactured. 


Clay Pipe 
Fittings Make 
Installation Easy 


Chemically inert Vitrified Clay Pipe is the 
* When you install Vitrified 
one safe choice for underground lines : 
Clay Pipe, you can get all the 
fittings you need ,.. Y's, T’s, 
Clay Pipe is used under the floors, inside elbows. For example, this 
as well as outside the building. The vast Vitrified Clay Cut Elbow 
permits turns and angles in 
the line for utmost flexibility 
and speed of installation, 


exposed to corrosive industrial waste. Here, 


industrial waste disposal system at this new 
G-E plant will handle chrome, cyanide, 
and acid rinse from the factory. Acid-proof 
Clay Pipe is immune to these corrosive 
chemicals, It's completely safe — top and 
bottom, inside and out, through and 
through. 


CLAY 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 


1520 18th St. N. W., Washington 6, D. C. 


311 High Long Bldg., 5 E. Long St., Columbus 15, Ohio 
703 Ninth & Hill Bldg., Los Angeles 15, Calif. 
100 N. LaSalle St., Rm. 2100, Chicago 2, Il. 
206 Connally Bldg., Atlanta 3, Ga. C-954-5A 
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7’ the catalog itself has 32 descrip 
tive pages on products, and is divided into the 
following sections: “Shop Coats and Primers for 
Steel,” “Tnemec Exterior Steel Finish Systems,”’ 
“Interior Painting with Unity in Color,” ““Weather- 
proof Coatings for Exterior Concrete, Concrete 


Masonry, Brick and Stucco,” and “Exterior 
Wood.” 
Also included is a 24-page Specification 


Booklet. Seven pages are specifications in chart 
form covering the “Surface,” “Prime Coat” and 
the “Finish System.” The other pages are de- 
tailed specification and procedure bulletins on 
individual type surfaces 

Your request for Catalog 54 should be on your 
company letterhead. Be sure complete mailing 
address is shown 


TNEMEC 


TEE - NEE’- MEK 


“Spell It Backwards” 


W. Ave. North Kenses City, Mo. 


SEWAGE AND INDUSTRIAL 


WASTES 


lowa,’’ by ©. D. Mullinex, Howard R. 
Green Engineering Co., Cedar Rapids. 

**Modern Methods of Cannery 
Wastes Treatment,’’ Helmer Mon- 
son, Green Giant Co., LeSueur, Minn. 


by 


‘“‘Charges for Industrial Wastes 
Treatment,’’ by A. J. Steffen, Wilson 
& Co., Chicago, 

‘‘Management’s View,’’ by Paul L. 


Twedt, John Morrell & Co, Ottumwa 
‘*What Does Your Plant Effluent Do 
to Your Stream,’’ by George R. Wim 
mer, Water Biologist, Division of Pub 
lic Health Engineering, 
ment of Health. 
**Sewage 


lowa Depart 
Treatment and Stream 
Standards,’’ a a panel 
comprising P, F. Morgan, Professor of 


discussion by 


Sanitary Engineering, lowa Univer 
sity; P. J. Houser, Director, Division 
of Public Health Engineering, lowa 


Department of Health; Leo Holtkamp, 
Superintendent, Sewage Works, Web- 
ster City; and Karl 
Morrell & Co., 

‘*Laboratory Control and Plant Ree- 
ords,’”’ 


Hirlinger, John 
Ottumwa 


a discussion by a panel com 


prising H. S. Smith, Stanley Engi- 
neering Co., Muscatine; Paul Bolton, 


Division of Public Health Engineering, 
lowa Department of Ilealth; Ralph 
Briley, Chief Operator, Sewage Treat- 


ment Plant, Ames; and E. R. Bau 
mann, College of Engineering, Iowa 
State College 

‘Operation and Maintenance of 
Electric Motors,’’ by R. IH. Wareham, 
Louis Allis Co., Milwaukee, Wis. 

“Operation and Maintenance of 
Pumps,’’ by P. Stempel, Fairbanks 


Morse Co. 
‘*Paints,’’ by E. J 
cal Paint Co., 


The following 
for 1954—5 


Sirmay, Tropi 
Cleveland, Ohio 


officers were elected 


President: L. Holtkamp, Webster City 

Vice-President: V. 

Secretary-Treasurer; li. F. 
Marshalltown 

L. F. 


Secretary-Treasurer 


Garwood, Grinnell 
Skorezeski. 


SKORCZESKI, 
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how much does it cost _ 


to have Safest 
CHLORINATION? 


Nothing—when you buy a Fischer & Porter 
Chlorinator. That's true because fool-proof safety 
features are already engineered into this modern, 
instrument-type chlorinator. 
The F&P Chlorinator is instrument engineered 
from top to bottom to be absolutely safe in any 
emergency—and the safety features respond in- 
stantly. The mechanical design—without hy- 
draulic devices to introduce time lag—make this 
a certainty... 
In the F&P Chlorinator you can take a hammer and shatter 
the flowmeter tube—and the chlorinator shuts down instantly. 
In the F&P Chlorinator you can pull the flow 
setting needle valve right out of its socket—and the 
chlorinator shuts down instantly. 
In the F&P Chlorinator you can shut off the ejector water 
supply while leaving the chlorine on—and the chlorinator shuts 
wn instantly. 
In the F&P Chlorinator a simple series of hand manipulations 
tests each safety component—or shows the reason for 
malfunctioning should it ever occur. 

These safety advantages are yours in the Fischer & Porter 
Chlorinator. They cost you not one penny more at the outset, since 
the F&P Chlorinator is lower in first cost. They avoid constant costs 

of repeated safety tests and checks. They assure you against high 
costs of repairs and maintenance. We don't put our safety 
devices under a bell jar—they are right out in the open 

where you can see and touch them. 
These engineered features—instrument-type 
engineering—make the F&P Chlorinator the safest 
ever built. And you get all these safety features 
plus ease of operation, dependability proven in over 
600 operating units, complete corrosion resistance— 
everything you should have in a chlorinator— 
and you get them for even less cost in the 
initial purchase. Write today for full information, 
details on free trial offer, and absolute 
guarantee of satisfaction. 


riscHER & PORTER CO. 


1115 Fischer Rosd, Hathoro, Penna. 
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Equipment and Supply Lines 


Plug Valve Actuators—New 8-page 


sulletin 3020 describes plug valve 
actuator mechanisms and mountings, 
and gives engineering data.—Ledeen 


Manufacturing Co., 1600 8, San Pedro 
St., Los Angeles 15, Calif. 

Adjustable Dock Ramp—-New cata 
log sheet describes features and instal- 
floating 
hydraulic adjustable ramp for loading 

Rowe Methods, Inec., 2534 De 
Ave., Cleveland 13, Ohio. 

Concrete Pressure Pipe—lully il 
lustrated 
Story of Concrete Pressure Pipe’’ deals 


lation procedures of manual 
docks 


troit 


24-page booklet on 
with the history of concrete pipe and 
the present application of this experi- 
ence in prestressed conerete pressure 
pipe.—Price Brothers Co., 1932 E 
Monument Ave., Dayton 1, Ohio. 
Submerged Combustion—New 17 


page manual describes use of sub 


merged combustion heating and con 
centration equipment in various indus 
tries Combustion Co. of 
America, Inc., P. O. Box 267, Ham 
mond, Ind 


Telemeters 
wire and wireless telemetering, as well 


Submerged 


Various systems of 


as the apparatus and accessories in 
volved, are described in 44-page Bul- 
letin M1710.—Bristol Co., Waterbury 


20, Conn. 


Joint Sealer 
after 


A waterstop installed 
concrete is placed is described 
in a new booklet on IGAS joint sealer 
Sika Chemical Corp., Passaic, N. J 
Cable Electric Hoist——Bulletin CQ 
cable hoists in ¢a 
from $000 Ib. with 
-Coffing 


electric 
500 to 
various types of suspensions 
Hoist Co., Danville, I 

Pneumatic Controllers 
10 (12 pages 


cle seribes 


pacities 


Catalog 53 
gives engineering data 
on pneumatic controllers for process 
Fischer & Porter Co., 148 
Jacksonville Rd., Hatboro, Pa. 


variables 
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Comminutors—Fully illustrated 28 
Manual W-317—-B17 


engineering data on 


rives com- 
com- 
opera- 
Worthington 


page 
plete 
minutor 
tion and maintenance. 
Corp., Harrison, N. J. 

Synthetic Resin Coatings 
bulletin 


selection, installation, 


New 8& 


deseribes 


page various syn 
thetic resin protective coatings and 
their applications.-—Metalweld, Inc., 
Scotts Lane and Abbottsford Ave., 


Philadelphia 29, Pa. 


Hydraulic Valves 


draulie 


Cushioned hy 
2-in. to 36-in. sizes 
Sulletin WS8-A- 
Golden-Anderson Valve Specialty Co., 
1249 Ridge Ave., Pittsburgh 33, Pa. 

Chemical Feeders—Catalog 70-50 
describes low-cost feeder for 
metering, controlling, mixing and dis 


valves in 


are described in 


small, 
pensing small quantities of liquid 

Fischer & Porter Co., 149 
Jacksonville Rd., Hatboro, Pa 
Dall Flow Tubes——New 
Technical Bulletin 115-L3 
the new short differential-producing 


chemicals 


16-page 
describes 


lowest 
permanent head loss of any known ve- 


metering device having the 
locity-increasing differential producer. 

Builders-Providence, Inc., 345 Harris 
Ave., Providence, R. | 

Intercom Systems pag 
ing and intercom systems are described 
in new flier.—Executone, Ine., 415 
Lexington Ave., New York, N. Y. 

Gate Valve Operators 
operators, both self-powered and from 
truck take-off, are described in Bulle- 
tin 200.—Payne Dean & Co., Clinton, 
Conn. 

Ion Exchange Units—lon exchange 
units for industrial wastes treatment 
and byproduct recovery from plating 


Industrial 


Power gate 


wastes are described in Technical Bul- 
letins P-112, P-114, P—115 and P-117. 

Frederic B. Stevens, Inc., 1800 18th 
St., Detroit 16, Mich 
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SEWAGE AND INDUSTRIAL WASTES 


.-- LEADER IN 
WASTE-TREATMENT 
IPMENT ENGINEERING presents the 


—versatile 
new 2-in-1 
waste- water 
clarification 


LOTOR 


ane 


“DISSOLVED-AIR FLOTATION" assures rapid removal 

of suspended material from waste waters. 

Here is new efficiency for removing contaminants such 

as oils, greases, light fibrous materials, etc. Based on the 
principle of ‘“dissolved-air flotation’ — and incorporating 
reliable chemical feed and operating control, the 
“SEDIFLOTOR” Clarifier is the answer to many waste problems. 


‘uo 2 GRAVITY-SETTLING CLARIFICATION Is Included. 
—_ “SEDIFLOTOR” Clarifier design also provides the most 
modern type of gravity-settling equipment, so that both light 
and heavy materials are removed rapidly and effectively. 


Proved by exhaustive test, ‘‘Sepir.oror’’ Clarifier offers marked 
advantages. The combination of flotation and gravity-settling 
results in extremely fast and efficient cleansing of waste waters 
from refineries, packing houses, paper mills, sewage plants 
(where large amounts of grease and oil are present), chemical 
and food plants and other similar sources. 

It is readily adaptable for use with other equipment, and may 
be designed for literally any desired flow, with provisions 

for use of chemical agents, and continuous removal of floating 


scum and settleable solids. 
The one company 
Quite automatic, the ‘‘SepirLoror’’ Clarifier operates with maximum offering engineered 
> » equipment for oll 
economy and requires only periodic attention. 
waste proceuing— 
Waste Samples Invited coagulation, 


Our laboratory is equipped to test proctptietion, 
suitable methods and proper size of 921 South Campbell Ave. ion exchange ond 
equipment for your needs. Your in- Tucson, Arizona wiegton! entmans 
quiry is invited and should include Field offices in prince ipal cities in 

general description of your problem. North America 66200 


NO 
EQ 
SEDIFLOTOR Clarifier 
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DIRECTORY OF ENGINEERS 


(Continued through page 39a) 


ALBRIGHT & FRIEL, INC. ALVORD. BURDICK & HC 
FRANCIS S. FRIEL AL , BI RDI K & HOWSON 
Consulting Engineers Engineers 
WATER, SEWAGE AND INDUSTRIAL Charles B. Burdick Louls R. Howson 
WASTE PROBLEMS Donald H. Maxwell 
) REFUSE INCINERATORS 
AL BI DINGS Water Works, Water Purification, 
CITY PLANNING VALUATIONS Flood Relief Sewerage, Sewage 
REPORT LABORATORY Disposal, Drainage Appraisals, 
Power Generation 
Suite 1509-18 PHILADELPHIA 7 Civile Opera Bullding Chicago 


121 Broad St. 


ANDERSYN-NICHOLS JOHN J. BAFFA 


GC mpa ny Consulting Engineer 


Sewerage & Sewage Treatment 


Consulting Engineers Industrial Wastes Treatment 
Water Supply, Distribution and Treatment, In- Design Plans & Specifications 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- Investigations & Rate Studies 
“¢ Hig nd Bridge 75 West Street New York 6, N. Y. 
Concord, N. Hl Beston 14 Baltimore, Md 


MICHAEL BAKER, JR., Inc. BAXTER AND WOODMAN 


The Baker Engineers 


Civil and Sanitary Engine 
Civil Engineers, Planners, and Surveyors 


Municipal Engineers Airport Design —Sewage Diaposal Water Supplies Water Treatment 
Wat rka und Surveys Sewer Systems Sewage Treatment 
an ape Cul nning ighway Demgn —Conetruc 
Investigations 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. P. O. Box 67 Crystal Lake, Iilinols 


BLACK & VEATCH 
Consulting Engineers 
SEWAGE WaTER - ELecrriciry INbUSTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


BOGERT AND CHILDS 
W.H. & L. D. BETZ 
Consulting Engineers Cuinton L. Bocert Freep 8, 
Ivan L. Bogert DITMARS 
Industrial Waste Roperr A. LINCOLN CHARLES A, MANGANARO 
Industrial Water WILLIAM MARTIN 
Analysis Design Water & Sewage Works Refuse Disposal 
Invest tions Operat Drainage Flood Control 
Highways and Bridges Airfields 
Gillingham & Worth Sts. Philadelphia 24, Pa. 624 Madison Ave., New York 22, N. Y. 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Sewerage —Sewage Treatment 
Water Supply — Purification 
Refuse Disposal— Analyses 
Municipal — Industrial Projects 
Valuations — Reports — Designs 


110 William Street New York 7, N. Y. 


BROWN AND BLAUVEIT 
Consulting Engineers 
Water Supply Airports 
Sewer Systems Highways 
Industrial Buildings 
Railroads 


New York 16, N. ¥. 


Sewage Disposal Plants 
Industrial Wastes Problems 


468 Fourth Avenue 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE NDOUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(PORMERLY NICHOLAS S. HILL ASSOCIATES 


Specializing in Sewerage and Sewage Disposal, 
Water Supply and Water Purilieation 
Valuations and Heports 


Chemical and Biological Laboratories 


112 Bast 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 


Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


BURNS & McDONNELL 


Consulting and Designing Engineers 


Kansas City 2, Mo. 
P.O. Box 7088 


Cleveland 14, Ohio 
1404 B. 9th St. 


CAMP, DRESSER and McKEE 
Consulting Engineers 
Water Works and Water Treatment 


Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 
Investigations and Keports 
Design and Supervision 
Research and Development 
‘lood Control 


6 Beacon St. Boston 5, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 
Planning Airports 
ridges Dame 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants-Incineration-Gas Systems 

Valuations-Rates—-Management 

Laboratory—City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—F lood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting —Paving—Light 
and Power Plants. Appraisals 


351 East Ohio St. Chicago 11, I, 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 


ing in sewage and industrial wastes 
treatment 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


Damon & .Foster 


Consulting Ctetl Engtneers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply 
Surveys, Land Subdivision, City and Towr 


Planning Keporte Design Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 

Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 

hewerage, Recovery Processes 

Hydraulic Works, Gas Plants 

Philadelphia: Fidelity Phila. Trust Bidg. 

New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


\ er pply ewerage 
Kallroad Highways 
Grace eparation Bridges Subways 
Local Transportation 
Investigations Reports Appraisals 
Vians and Supervision of Construction 


Chicago 6 
Washington 5 


i150 North Wacker Drive 
Colorade Bidg. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 

Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 
W. Horne 
WILLiaM L. HyLanp 
CARROLL A. FARWELL FRANK L. LINCOLN 
Howarkp J. WILLIAMS 
Water Supply and Distribution—-Drainage 
Sewerage and Sewage Treatment 
Airports—-Bridges—Turnpikes 
Port and Terminal Works—Industrial Bldgs 
BOSTON NEW YORK 


JOHN AYER 
Bion A. BOWMAN 


FINKBEINER, PETTIS & STROUT 


FIN KBEIN ER Perris 
K. Sraout 


Consulting Engineers 


(LARLETON } 


Report Designs, Supervision 
Water pI Water Treatment, Sewerage 
sewage Treatment, Waste l'reatment 
\ & Appraisal 


Toledo 4, Ohio 


Valuation 


518 Jefferson Avenue 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 C & I Life Building 
Houston 2, Texas 
CH-1624 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage Foundations 
Industrial Waste Disposal 
Reports; Plans and 

Supervision 


Investigation 
Speciications ; 


823 1/2 Poydras St. New Orleans, La 


Your firm should be 
listed here 
the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat 
ment 


EDWARD A. FULTON 
Consulting Engineers 


Report Valuations ay 
truction Water Supply and 
Purification Vlants Sewerage and Sew 
lreatment Works; Municipal Paving 

Developments; Dams and 


Investigations 


Flood Control 


3209 Brown Road Saint Louis 14, Missoori 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports. 
HARRISBURG, PENNA. 

Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. J. Chesapeake, W. Va. 


Take advantage of the services of these outstanding consultants! 
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GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York 607 Washington St. Washington 
Houston READING, PA. Phiiadeiphia 


GLACE AND GLACE 


Consulting Sanitary Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purtfleation 
Industrial Wastes Disposal 
Design, Construction and Supervision 
of Operation 


1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 
Engineers 
Samuel A. Greeley Paul Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 
Water Sewage 
Industrial Wastes 
Refuse Hydraulics 


1009 Baltimore Ave. 


Kansas City 5, Mo. 


HAVENS AND EMERSON 
W. L. Havens C. A. Emerson 
A. A. Burger F. C. Tolles F. W. Jones 
H. H. Moseley J.W.Avery F. 8. Palocsnay 
EK. 8S. Ordway 
Consulting Engineers 
Warer, Sewerack, INDUSTRIAL 
WASTES, VALUATIONS——LABORATORIES 
Woolworth Bldg. 
New York 7, N. Y¥. 


Leader Bidg. 
Cleveland 14, O. 


HAZEN AND SAWYER 
ENGINEERS 
Ricnanp Hazen Aveneo W. Sawven 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


110 Fast 42nd Street New York 17, N. ¥. 


HENNINGSON, DuRHAM 
& RICHARDSON, INC. 


Consulting Engineers since 1917 for more than 
600 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage 


Standard Oll Bldg. Omaha 7, Nebraska 


HORNER & SHIFRIN 


Consulting Engineers 


W. W. Honner E. Bross 
Hi. SHIFRIN Vv. Cc. Liscner 


Airports Hydraulic Engineering 

Sewerage and Sewage Treatment 

Water Supply Municipal Engineering 
Reports 


Shell Bullding, St. Louis 3, Missouri 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water 8 ipply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings 


TROY, N. Y. FT. LAUDERDALE, FLA. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION &T., SAN FRANCISCO 6 


It pays to secure competent and experienced engineering advice! 


% 
\ 
; 
_~ 


38a SEWAGE AND INDUSTRIAL WASTES 


MORRIS KNOWLES Ince. 
Engineers 
Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 


Laboratory, City Planning 


1312 Park Bidg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 


Water Supply Sewage Treatment 


Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the 

Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 
Airfields 


Statler Bullding 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF 
HALL @ MACDONALD 
G. Gale Dixon, Associate 
Wellington Donaldson, Staff Consultant 


Water, Sewage, Drainage and 
Industrial Waste Problems 


Structures Power Transportation 


51 Broadway New York 6, N.Y. 


E. C. PATTEE 
Consulting Chemical Engineer 


Industrial Waste Disposal 


Process Development, Surveys & Design 


Provident Bank Bidg., Cincinnati 2, Ohio 


WM. M, PIATT P. D. DAVIS 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Mewage Treatment, Public Bulldings, Streeta 
Power Pianta, Electrical Distribution 


Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, WN. C. 


MALCOLM PIRNIE ENGINEERS 
Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 

Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


2S West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 


Consulting Engineer 


Water Supply & Purification; Sewerage & Sew 
age 4 Industrial Wastes; Investigations 
& Reports; Design; Supervision o' 


Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratones for Chemical and Bacteriological 
Analyses 


369 EB. 149th St. New York 55, N.Y. 


Take advantage of the services of these outstanding consultants! 
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RIPPLE AND HOWE 
Consulting Engineers 
O. J. B. V. Hows 
Appraisals—Reports 
Design—Supervision ? 
Water Works Systems, Filtration and Softening 
Flants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


833-35 Twenty-Third St. Denver 5, Cotorade 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fla. 


SMITH and GILLESPIE 


Consulting Engineers 


All types of 
Municipal Public Works & 
Utilities 


Complete Services 
P. O. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainage—Flood Control 
Electric Power——Alrports 


Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply —Sewerage— Waste Disposal 
Bridges—Highways—lIndustrial Buildings 
Studies—Surveys— Reports 


209 S. High St. Columbus 15, Ohio 


HENRY W. TAYLOR 
Consulting Engineer 
Water Supply, Sewerage 


Refuse Disposal, Incineration 


Industrial Developments 


151 W. Merrick Rd. Freeport, N.Y. 


J. STEPHEN WATKINS 
J. 8. Watkins G. R. Watkins 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reporte, 
Investigations and Rate Structures. 
251 East High Street Lexington, Kentucky 


Branch Office 
901 Hoffman Bullding Louisville, Kentucky 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


WESTCOTT & MAPES, Inc. 
Engineers 
VALUATIONS—S8TU DIES—REPORTS 
DESIGN—SU PERVISION 
Industrial Waste Problems 
Utilities —Industrial Plants 
Commercial Buildings— Institutions 
Public Works 


New Haven, Connecticut 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Massa. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply, 
Water Purification, Water Front Improvementa, 
Investigations, Reports, Designa, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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Consoet, Townsend & Associates 
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| 
LANCAOTER PREM, INC., LANCASTER, FA. 


“Mahe Yiinr Firet Chetee 
Chlorination Tict Lasts 


4 


How well chicrination equipment does its job depends 
not only om proper design but on the selection-of the rigtiaee.— 
parts and materials for every specific purpose. : 


Every pait in Wallace & Tiernan equipment is designed 
to meet a particular need. Mechanical diaphragms, first 
WAT in 1913, are still used where accurate control is the prim 
requisite. More recently developed puncture-proof water: 
diaphragms provide visibility and accessibility of contrel parte 
when desired. Several types of meters, including the orifiee.ane 
manometer, the rotameter (furnished in W&T equipments 
early as 1917), and the pulsating types are all used for teers 
measurement, each entployed where it best suits the purpose iemeae 
which it is intended. 


Since 1913, W&T Research has consistently sought out 
new designs, principles, and materials. Every new dévelopmigsi se 
is placed under rigid field tests to prove it can meet the GRRCENERT ea 
standards and practical limitations that dependable 
economical chlorination demiands. 


When you depend on WAT cquipment, you Have thesees 
assurance that 40 years of experience in the chlorination field’... 3 
is being used to br ing you the best in design, parts, and materials, 
— selected and tested spewifically to fit the need. 


#8 MAIN STREET. BELLEVILLE @, NEW JERSE. 
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